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SILICONE NEWS from Dow Corning 


No Sticking Here! 





SILICONE 
COATED 


New Silicone Coatings for Paper 
End Sticking; Save Time, Money 


Sticky products like asphalt, dates, and uncured rubber have always been 
troublesome to pack, unpack or process. But that’s all in the past for 
people who specify new Syl-off® silicone coatings for paper. 


Even the stickiest materials are easily and cleanly removed from shipping 
containers made with Syl-off coated paper or paperboard. And there’s 
nothing to compare with the ease of removing Syl-off coated separators 
from pressure-sensitive backed items — labels, decals, wallpaper 

backing papers peel completely free without tearing. Syl-off coatings 
won't transfer or migrate, either . . . which means you can use coated 
papers as package wraps, liners and interleaving for food products. 


WHO BENEFITS? You do! If you buy and use sticky materials, Syl-off 
means faster in-plant handling and processing. You get all the material 
you pay for and product losses are minimized. If you ship sticky products, 
Syl-off helps you create the kind of happy, satisfied customers who make 
the difference between profit and loss. You can actually save money, too, 
because Syl-off brand coatings weigh less than other release coatings which 
means lower shipping costs. 


GETTING PERSONAL. Are sticky products giving you or your custo- 
mers trouble? Can Syl-off help? Syl-off coated papers or containers 
can be engineered to your special needs by experienced mills and con- 


verters. Write now for list of Approved Sources. Address Dept. 7215b. 








For complete technical information 
about any silicone product, contact the 
Dow Corning office nearest you. 


Dow Corning CORPORATION 
MIDLAND. MICHIGAN 


ATLANTA BOSTON CHICAGO CLEVELAND DALLAS LOS ANGELES NEW YORK WASHINGTON, 0. c 
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FEATURED: 


WHICH INSTRUMENT MOTOR FOR THE JOB? . . . R W Matthews 
Here are factors and 2 tables that will speed your decision 


GRADING POLISHED METAL SURFACES .. . W H Tingle, F R Potter 
This simple optical instrument does it by photocell scanning 


NEW CONSTANT-FORCE SPRING SYSTEMS .. . E E Ungar, K S Pearsons 
They provide better isolation of shock and vibration 


CHEAPEST WAY TO PRODUCE METAL PARTS .. . H Kee 
Casting? Forging? Machining from solid? Survey supplies data 


LIQUID VOLUME IN ELLIPSOIDAL TANKS . . . S R Heller Jr 
Nomograph finds it for pure ellipsoid and special versions 


FIELDS OF INTEREST REPRESENTED IN DEPARTMENTS: 


Structural materials rated for resistance to erosion 
Selecting materials for radiation environments 
Versatile new titaniums head for 900 F 

New coatings and adhesives from petroleum acids 


Elastic properties calculated for laminates 

Super-refractory fibers readied for laminates and molded parts 
Czech resistance welding points to economy car engine 
Underwater transducer operates at up to 60 psi 


Ac contact-resistance measurements simplified 
British design new two-speed induction motors 
Isotopes measure cable concentricity 

MHD generator passes high-power test 

Two-sided molded circuit carries 30% more current 


Soviet compact car has “imported” flavor 
CO, advances film, cocks shutter of pushbutton camera 


Kit of isotopes available without AEC license 
Navy standardizing fuel-filtration tests 


Cover story—constant-force spring for shock resistance 
City mail delivery to be more mobile 

Trade-secret disclosure cases—a rash of them 

X-ray movies show how part works and fails 
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How to choose a metal for high-temperature service 


‘= 
a 


In every sense, “the heat’s on” and “the 
pressure’s on” when metals go to work 
at high temperatures. The basic trend in 
processing equipment has been toward 
higher pressures, higher temperatures, 
and more corrosive conditions. 


That’s why questions like these are 
being asked today: What metal is 
used within the core of a gas-cooled re- 
actor where operating temperatures go 
up to 1700°F? What metal is used for 
the “skin” of a missile that must take 
supersonic heats from 400° to 600°F 
... and be the structural framework for 
130 tons of dead weight? What metal 
is used to withstand the corrosion of hot 
ammonia gas at 900° F? What metal is 
used for strength and corrosion resist- 
ance above 1000°F? 


The answer, in each case: Nickel 
Stainless Steel. 


Nickel works as a strengthening and 


toughening agent. In steel it promotes 


the formation of austenite, which is 
stronger and more stable at high tem- 
peratures than ferrite. Nickel steps up 
steel’s resistance to oxidation, carburiz- 
ing, nitriding and thermal fatigue. 


The war against corrosion. High- 
temperature equipment is exposed to a 
great many different atmospheres and 
corrosive conditions. Many materials 
coming from high-temperature process- 
ing and handling must be delivered un- 
contaminated by the products of 
corrosion. Nickel stainless steels are 
especially good for fighting corrosion... 
perform well under those oxidizing con- 
ditions harmful to unalloyed steel. The 
stainless steels possess the ability to 
protect themselves with oxide films that 
form a shield against corrosion. And 
stainless steel, as the name implies, 
stays brighter, cleaner .. . and the pro- 
tective “oxide layer” is less likely to be 


broken or reduced by pitting or scaling. | 


UO 


What strength means at high tem- 
perature. By a mechanism known as 
“creep” metals at elevated tempera- 
tures flow plastically though subjected 
to stresses below their yield strength, as 
determined by short-time tensile tests. 
The creep strength of nickel stainless 








steels is an important reason for their 
increasing use in a variety of high-tem- 
perature operations. Both time and 
stress are design factors at high temper- 
atures. The most generally useful data 
are those for creep and rupture—one or 
the other is the basis for most allowable 
stress values in design work. 


The chart below gives the creep and 
rupture strength data of two nickel 
stainless steels that have found wide 
acceptance in high-temperature service: 





CREEP STRENGTH 
1000°F 1§00°F 
Alsi 1% 1% 1% 1% 
TYPE 100,000 10,000/100,000 10,000 
| hrs,psi  hrs,psi| hrs,psi hrs, psi 


310 | 17,500 32500| 1,250 3,500 
316 | 14,750 24500| 1,800 4,200 


RUPTURE STRENGTH 
1000°F 1500°F 
AIS! {100,000 10,000)100,000 10,000 
TYPE | hrs,psi hrs.psi| hrs,psi = hrs.psi 


310 | 21,000 25,000 1,600 2,800 


36) -— -- 1,600 3,400 
































Don’t stop at creep and rupture 
strength . . . other critical questions 
must be considered in the selection of 
metals for high-temperature service. 
They include: 


e high temperature ductility 


e short-time tensile properties to help 
evaluate resistance to momentary 
overloads 


thermal shock resistance 


Before selecting a metal for a spe- 
cific service ask yourself these 
questions: 


LJ 


What is the maximum tempera- 
ture of operation? 


What kind of temperature cycling 
will occur? 


What maximum load will be en- 
countered? Will it be constant or 
cyclic? 


a 


What types of atmosphere or 
other corrosive conditions? 


= 





What size or shape of the parts or 
sections? 


What further processing will be 
done, such as welding or machin- 
ing? 


What abrasive or wear conditions 
will be encountered? 


CJ 


The nickel stainless steel family can 
serve you in a wide range of high-tem- 
perature operations. That’s why it’s best 
to bring your metal problem to Inco’s 
High Temperature Engineering Section. 
They are fully prepared to give you 
practical answers on the metal that will 
work best in your application. A note 
to Inco will bring you the “High Tem- 
perature Worksheet” to guide you in 
describing your metal problem. 





LITERATURE 





The publications listed below will pro- 
vide more detailed information on 
choosing metals for high-temperature 
service. 
PUBLICATION 
NUMBER 
A266 


NAME 


Heat Resistant Castings, Cor- 
rosion Resistant Castings .. . 
Their Engineering Properties 
and Applications 


Stainless Steel for Pressure 
Vessels 


High Temperature Corrosion in 
Refinery and Petrochemical 
Service 


Thermal Expansion Character- 
istics of Stainless Steels Be- 
tween —300°F and 1000°F 


Compilations of Chemical 
Compositions and Rupture 
Strengths of Super-Strength 
Alloys 


A complete listing of Inco publications 
and technical bulletins can be obtained 
by writing for “List A” to: 


The INTERNATIONAL NICKEL COMPANY, Inc. 
67 Wall Street New York 5,N. Y. 


INCO NICKEL 


NICKEL MAKES ALLOYS PERFORM BETTER LONGER 
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INTERESTING TO NOTE 


On our cover—examples of 
several constant-force 
springs for better isolation 
of shock and _ vibration. 
Springs like these have 
already improved _ the 
packaging of delicate in 
struments. Some are 
simply levers and springs, 
others are buckled-column 
combinations. For details, 
see article on page 54. 
Packaging delicate in- 
struments or complex 
components has _ often 
given the package designet 
more headaches than the engineer. In some cases the pack- 
age itself has been put to use in applications never con 
ceived by the designer. After World Wax II, for example, 
a group of farmers in upstate New York found that they 
could buy surplus military gliders for under $100. They had 
no use for the precision-made aircraft, but the large pine 
shipping crate, lined with tar paper and reinforced with 
4 x 4's made excellent prefabricated hen houses. Many of 
these glider boxes are still standing near Elmira, NY. 
Petroleum companies have found that the Chinese 
have more use for the five-gallon containers used to ship 
kerosene than they have for the fuel itself. Peasants 
collect the empty drums and use them for carrying water, 


cooking food and other domestic purposes. And tourists 
in the Caribbean can’t help but hear the music from 
native steel bands—rhythms pounded out on old empty 
oil drums. 


Price Control Through the Ages 


Economics, a relatively new name for an old science, 
plays a part in whatever engineers do—they must constantly 
keep an eye on costs. As the article on page 60 points out, 
the way to save money when producing metal parts 
depends on such factors as complexity of the part, 
quantity produced, and cost of material. 

Throughout history, every society has been concerned 
with the price structure, and has sought to maintain some 
controls over it. In ancient societies, price controls were 
common. Egyptian Pharaohs set up a predecessor of the 
OPA by fixing the exchange value of goods being traded 
in the market place. But in spite of the law, the black 
market was common. In 301 AD, the Roman Diocletian 
fixed prices of food, raw materials and manufactured 
goods. However, even the threat of death did not make 
his edict enforceable. Centuries later, merchants in 
Northern Europe formed guilds to hold a tight control 
over the price and quality of all goods sold. They were 
a stabilizing force, but abuses of power eventually toppled 
the guild system. 

In early America, 
trial and error—nomadic would set 
according to a personal estimate of what the market 


prices were usually determined by 


peddlers prices 
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bear. ‘There was no such thing as a firm price on any 
commodity—the market was flexible with a final price 
reached by haggling. [or most products, there was no 
clear concept of production cost. The town market was 
more than a place to buy and sell goods. It served as a 
gathering place for the local gentry, the distribution point 
for news, and usually the town’s postoffice as well. 


End of the 
Iceberg? 


Several years ago, a 
sporting-goods dealer in 
New York City was 
arrested for selling air 
guns without a license. 
The proprietor pro 
tested and during his 
trial tried to convince the judge that his “air gun” was actu- 
ally powered by carbon dioxide, not “air.” The judge real- 
ized that the defendant was quibbling over a technicality, 
but decided in his favor anyway. The “air gun’ was ac- 
tually a spear gun for underwater fishing and the judge 
ruled the law was intended for surface rifles. Small carbon 
dioxide cylinders are being applied to many products 
formerly powered by a simple spring or windup mech- 
anism. On page 50 are details on a camera that is self- 
winding—thanks to a CO, cartridge. 

Although carbon dioxide constitutes only 0.03% of the 
gases in the atmosphere, it is vital to the safety and well- 
being of planetary life. Carbon dioxide acts like a blanket 
around the earth allowing the sun’s visible rays to enter, 
but at the same time holding back heat radiated by the 
earth. According to Dr Gilbert Plass, an American 
atmosphere physicist, factories, autos and airplanes are 





putting more carbon dioxide into the atmosphere than 
nature can absorb by photosynthesis. Dr Plass claims this 
surplus of CO, will “have a profound effect on our 
climate.” He calculated that we are increasing the carbon 
dioxide concentration in the atmosphere at the rate of 30% 
each century. This would produce an average rise in 
temperature of 2 degrees per 100 vears, which corre- 
sponds almost exactly to the rate at which the earth’s 
temperature actually has risen since 1900. 

This shouldn’t cause a great deal of immediate alarm, 
but when we realize that an increase of only 7 deg would 
melt the polar ice caps, our children around 2300 A.D. may 
have some fun boating down the main streets of New 


York. —Benedict A Leerburger Jr 








SIDELIGHTS 








The language of science is not confusing enough, 
space scientists are now dreaming up new words for an 
already overburdened vocabulary. “Kluge” is an example. 
It means a temporary device to save time. Any small 
igniter is a “squib.” The 16 tubes into which the 
Polaris missiles fit are known to technicians and crew as 
“Sherwood Forest.” That dark and gloomy submarine 
bilge is now the “mushroom factory.” Our favorite is 
“yozzle.” You yozzle (turn) a gvro system to find out 
where it binds. 


For those worried about buying a radioisotope with a 
short half-life and having half the half-life spent in transit, 
the AEC has changed its mailing policy to assure that 
almost all radioisotopes will be shipped “with radioactive 
content calculated to 8 AM of the day following shipment 
at no extra cost.” Now only the postman has to worrv. 








tests. 


. Can Machines Really Learn? 








NEXT WEEK IN PRODUCT ENGINEERING 


. Universal Standard for Printed Wiring Boards 
These military standards are backed by lots of field experience. We can use 
them as a guide for minimum requirements. 


. Plaster Die Gives Accurate Prototypes for Diecastings 


Make a wood pattern of the part to be produced, and from this a plaster mold. 
Then inject metal at low pressure and you have a reliable guide for pre-production 


. New Mechanism Stops Spin of Rotating Masses 


“Yo-yo” despinner changes the geometric configuration of a spinning body by 
letting two small connected masses unwind from it. 


Simple learning machines are technologically possible, and experiments now in 
laboratories may pave the way toward more sophisticated devices. 
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WHAT'S NEW IN TUBING > 


Here’s another ACIPCO “first”... ACIPCO CERAM- 
SPUN", the ceramic mold process* that offers great- 
er versatility in design, new concepts in economy. 


WHAT THESE ADVANTAGES MEAN TO YOU! 
ACIPCO is not limited by equipment sizes. Now, for 
the first time, you can order the exact tube O.D. you 
need... from 2.25” to 50”. As-cast lengths can vary 
from 4 feet to 20 feet, longer lengths are made by 
welding; and wall thicknesses range from .25” to 8”. 
Furthermore, these tubes can be furnished with the 
exact combination of physical, chemical, and metal- 


ACIPCO CERAM-SPUN 


STEEL TUBING 


lurgical properties required by your specifications. 


THE RESULT: YOU SAVE MORE! No more unneces- 
sary metal waste or excessive machine charges. 


Too, ACIPCO’s complete “under one roof” operations 
— including heat treating, machining and welding — 
eliminate the delays and additional high costs often 
involved in buying from multiple sources. Before you 
order another steel tube... first investigate the 
many advantages ACIPCO offers. Contact ACIPCO 
STEEL PRODUCTS, Division of American Cast Iron 
Pipe Company, Birmingham 2, Alabama. 


*Patent applied for 





WHAT'S HAPPENING IN RESEARCH... 


Structural materials rated 


for erosion resistance 

The resistance of several structural 
and hard-facing materials to particu- 
late erosion is detailed in a report pre- 
pared by W. L. Bulkley of American 
Oil Co’s Research & Development 
Dept for the American Institute of 
Chemical Engineers. 

Pointing out that erosive wear re- 
sulting from the action of highly 
mobile solid particles in a fluid 
stream is influenced by both the na- 
ture of the solids and the fluid me- 
chanics of the system, Bulkley notes 
that rate of wear is proportional to a 
large power of the fluid velocity and 
is also related to the first power of 
solids concentration. 

At American Oil, a series of tests 
and measurements have been made, 
including a simulated erosion test at 
several impingement angles. Of all 
the systems tried, a 30° angle seems 
to give the best results and correlate 
best with experience in service. Using 
the erosion rate of carbon steel at 30° 
impingement as the index, and making 
it equal to 1, wrought low alloy steel 
shows an index of 0.78; cobalt-base 
hard facing alloys, 0.26; high-chrome 
hard facing, 0.16; tungsten carbide, 
0.005. - Aluminum, on the other hand, 
has an index of 6.0; 304 stainless, 1.1; 
and cast cobalt-base alloys show in- 
dices of 0.07 and 0.10. 


Elastic properties 
calculated for laminates 

Filament shape as well as spacing 
and matrix material influences the 
elastic properties of orthotropic mono- 
filament (wire-reinforced) laminates, 
J. C. Ekvall of Lockheed reports. He’s 
developed equations for determining 
axial and shear stiffness and Poisson’s 
ratio of such laminates—equations that 
can serve as a basis for structural de- 
sign and are also expected to help 
design monofilament laminates to 
meet specified requirements for elastic 
properties. 

Shear stiffness is also quite sensi- 
tive to laminate thickness and, Ekvall 
says, shear-deformation data should be 
included in calculations of bending 
stiffness if there is an appreciable 


amount of low-modulus material be- 
tween layers, or if the majority of the 
layers are aligned transverse to the 
direction of bending. 

A report, detailing results of tests 
on music-wire-epoxy-resin laminates 
has been prepared for ASME presen- 
tation. 


Selecting materials for 


radiation environments 

Even at 600 F, magnesium is a 
better choice than the far-more-refrac- 
tory zirconium when a tensile strength 
is plotted against neutron absorption, 
Phillips Petroleum engineers report. 
But use of magnesium alloys in nu- 
clear reactors is limited by their lack 
of resistance to hot water. Beryllium, 
which scores highest on a tensile 
strength/neutron absorption basis, 
lacks the desired ductility for struc- 
tural use. Zirconium is rated third on 
this basis; but its relative ease of fabri- 
cation and its corrosion-resistance of- 
ten make it the primary choice. 

Neither aluminum nor stainless 
steel scores as high as these three; but 
both are widely used because of cost, 
availability, ease of fabrication. Be- 
low 400 F, aluminum is preferred; 
above that point, stainless is better. 

Plots of creep stress against tem- 
perature give similar results. In a re- 
port prepared for an AIChE sympo- 
sium, W. C. Francis and J. M. Bees- 
ton of Phillips Atomic Energy Div 
note that magnesium shows up well in 
the 400 to 800-F range. Stress to pro 
duce secondary creep rates of 0.001% 
hr is on the order of 10° psi. 

The effects of radiation on these 
“nuclear metals” must also be counted 
in selecting structural materials for ra 
diation environments. Here, there 
are serious problems of embrittle- 
ment but also are beneficial effects. 
As §. H. Bush of GE pointed out 
to the Los Alamos symposium on 
nuclear materials, irradiation  fre- 
quently increases tensile and yield 
strength, sometimes as much as 400%. 
However, he warns, tensile elongation 
and reduction in area may be de- 
creased; and, he says, “there is a defi- 
nite decrease in the work-hardening 
of metals which might impose severe 
limitations in design.” 


Contaminants are clue 
to polyethylene adhesion 

Poor adhesion of polyethylene may 
be traced to contaminants exuded 
from the material itself, says J. J. 
Bikerman of MIT. This, rather than 
natural lack of adhesiveness or use 
of poor adhesives may be a major 
cause of peeling. 

Tests at the MIT Dept of Sanitary 
and Civil Engineering indicate that 
polar additions like oleic acid, even in 
quantities of less than one percent, 
may reduce peel strength by a factor 
of 5 or more. 

A report, detailing results of tests 
using polyethylene waxes to attach 
strips of aluminum to glass, has been 
prepared for this week’s ACS meet- 
ings. —ARG 





Regulation-free 
atoms in new kit 

Radioactive isotopes which may be 
purchased without an AEC license are 
offered by Nuclear-Chicago Corp in 
this lab kit priced at $59.50. The 
kit includes 5 vials, plus a syringe and 
instruction manual. The _lead-bis- 
muth and cobalt vials contain 10 ml; 
the other three, 5 ml. Half-lives range 
from 5 to 5600 years. 
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The Lane Furniture Company of Altavista, Virginia, broke its cedar chest produc- 
tion line into groups of operations for air-automation. One of the many circuits, 
shown here, was designed with quality Schrader components to brand the chest tops 
with a trademark, bore hinge recesses, and perform vertical and horizontal gang 
drilling operations. All three jobs are completed in less than 30 seconds! 
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4 WAY VALVE 


1. Schrader air cylinder pulls 
gauge mechanism clear and 

f i Ball | — = releases finished piece to con- 
RAISE r. ” veyor. Electrical RAISE signal 
= ee , P=—= a | os on Oy comes from switch that indi- 
cates step 4 completed. As 
LOWER ; if | | meee iif | L. Joe soon as completed piece is 
alt. tag! iy clear, another switch actuates 
LOWER coil of double solenoid 
valve. 
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CLAMP a = itt ! | clamp when electrical signal 
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3. Typical boring head is 
operated by pull-type single- 
acting cylinder. Electrical sig- 
nal comes from switch on side 
clamp stop. 
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AWAY VALVES | 


— pom 4. individual cylinders apply 
branding heads. Cycle starts 
with side clamping. Length of 
branding cycle is controlled by 
electric timer. 




















MANUFACTURER AUTOMATES PRODUCTION 
LINE WITH SCHRADER AIR CIRCUITRY... 
COMPLETES 3 JOBS IN 30 SECONDS 


If your plant has production lines too long, unwieldy and each group in sequence. This company did, and now has ver- 
costly to compete effectively, take a tip: Break your entire satile, fast,and economical production. You already have air. 
manufacturing sequence into logical groups of jobs. Then Expand its uses with versatile Schrader Air Products and 
develop air-powered and air-controlled machines to perform discover true efficientry. 





There is a fully stocked Schrader Distributor nearby . . . staffed with experts to help you solve any air circuitry problem. Consult the Yellow Pages or write: 





A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 38, N. Y. 





eo divisionof SCOVILL 








QUALITY AIR CONTROL PRODUCTS 
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British design new two-speed induction motors 


Ac induction motors with only a single set of 3-phase stator windings have been 
developed in Britain and are to be produced there by Associated Electrical Industries. 

According to Britain’s National Research Development Corp, which sponsored the 
original research, the motors use a system of pole-amplitude modulation, in which the 
flux of a multiple-pole winding is modulated in amplitude much as a radio carrier 
wave is modulated. The modulation is achieved by a reversal in circuit or bypassing 
of successive parts of the winding. 

Although the theory is complex, NRDC says manufacture is simple and the motors 
can be built with any speed ratio up to 1.5:1. 

Additional information on the design may be obtained from the US representative 
of NRDC, Suite 503, Mercury Bldg, Washington 6, DC. 


Navy standardizing fuel-filtration tests 
To develop a test that will be a good indicator of fuel stability, Naval Research Lab 
is now evaluating several.systems. The basis: a measurement of filterability and filter- 
plugging tendencies that will indicate tendency of the fuel components to separate 
out during storage. 

One test system is a constant-flow, differential-pressure method; another a constant- 
head, gravity-flow system. Good correlation has been found between the two, but 
porosity of the filter itself has been found to have a major effect on reproducibility 
of the test, an effect comparable to that of temperature. It is, as a matter of fact. 
so important that it will probably be necessary to specify a standard filter porosity as 
well as a standard test method and temperature to obtain a broadly useful system. 

A report on the first phase of the study (NRL Problem CO1-03) is now in 
preparation and will be available in a month or two from OTS, Dept of Commerce, 
as PB161966; and further reports are planned. 

(Note: for a full-scale report on filter types and filtration systems see PE—Nov 28 
’60, p 29; and for information on a major cause of fuel-fouling in storage—fungi—see 
PE—Jan 18 ’60, p 52.) 


Ac contact-resistance measurements simplified 
A simple and practical device for ac 
measurement of contact resistance, de- 
signed by ASEA of Vasteras, Sweden, 
takes advantage of the Hall effect (gen- 


eration of a voltage across a semicon A" 
ductor strip when it is placed in an 
alternating electrical field). x ( @ ) 
. 2 WA 
nN ae 6) 
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The semiconductor in this case is ~— \ 
indium arsenide, and the setup (see dia- 
gram) is arranged for direct measurement 
of the active power. 

When a Hall-effect generator is fed 
with an alternating current and an alter- 
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nating voltage of a given phase displace- oa MEASURE CONTACT RESISTANCE, semiconductor 
wel all generator) is placed in the airgap of an iron core 

ment, the output yoltage, ASEA says, will which surrounds the current-carrying conductor. Control 
contain a de component proportional to circuit is connected to the two contact members between 
the active power. By measuring the out- which the losses are to be measured. 
put voltage with a galvanometer, it 
is then possible to determine directly the contact losses and thereby to obtain the 
contact resistance. 

The prototype model has an accuracy of about 1.5% and a sensitivity of 0.1 mv/watt 
per turn on the core. 

Note: ASEA’s US office is at 500 Fifth Ave, New York 36. 
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Isotopes measure cable concentricity 
Intersecting beams of gamma radiation 
from radioactive-isotope sources form the - Differential circuit 
heart of a new concentricity-measuring L, , Geiger counter 
device developed by UKAEA engineers. Beam passage 

Designed to check cable-and-sheath- 
ing systems, the device consists of a lead 
block with a cavity for the radioactive 
source and the cable, and passages for |_, 

tee lastic ty 
the radiation beams. The passages carry | jncyiating 
the beams from the source, through the | sheath 
cable, to the surface where Geiger coun- 
ter radiation detectors are mounted. The 
concentricity measurement is based on a 
comparison of the intensities of the 
transmitted beams after they have passed 
through the system. The angle of the 
beams is so adjusted that, if cable and titative saueti 
sheath are concentric, the beams just 


_— Meter 





Conductor 




















can be measured with this isotope setup. 


Any variation from concentricity will d 

th Je d b “t Dotted lines show secondary system which 
€n increase or decrease beam trams- may be provided to determine vertical dis- 

mission. BP847,129 describes the system. placement. 


Super-refractory fibers readied for laminates and molded parts 
As reinforcement for plastic laminates and mokled parts, single-crystal aluminum oxide 
“whiskers” and polycrystalline zirconium oxide fibers show considerable promise. Struc- 
tural composites, thermal insulation, and ablation shields are among the possible 
applications. The zirconia fibers look especially interesting because they can now be 
made in both “wool” and filament form. 

A report from H I Thompson Fiber Glass Co indicates that zirconia-phenolic 
laminates will have excellent short-term heat resistance, relatively low thermal con- 
ductivity, and good flexibility. They'll be relatively heavy though, since the density 
of zirconia itself is quite high. 


Titanium heads for 900 F 


A new series of alpha titaniums, now in the pilot-plant stage, shows promise for use 
at temperatures from the cryogenic range all the way up to 900 F, Battelle Memorial 
Institute reports. These “super-alpha titaniums” offer considerably higher strength 
at elevated temperatures than do the present commercially pure alpha alloys, yet do not 
show the tendencies toward low-temperature embrittlement found in many beta and 
alpha-beta alloys. 

The new alpha titaniums are not ultrahigh-strength materials. But, Battelle says, they 
should meet the need for a non-heat-treatable, lightweight, moderate-strength material 
for long-term use at temperatures in the 900-F range. 

Data on the new types is still fairly limited; but at least four companies are now 
headed toward commercial production. 


New coatings and adhesives from petroleum acids 

Resins with unusual film-forming properties are reported by Pure Oil Co researchers. 
Made from a new type of dibasic acid derived from petroleum, they show promise for 
both coatings and adhesives. Alkyd-type baked films made with the new resins are said 
to have excellent adhesion, flexibility, impact resistance, and solvent and chemical 
resistance. Polyester-type resins can be prepared in which “any single desirable property 
ean be emphasized by variation of the acid and glycol combinations used.” Polyamides 
made with the new resins can be made into adhesives; and hard, shiny opaque epoxy- 
type materials can be produced. 

A report on the investigations has been prepared by W. E. Kramer and Louis A. Joo 
of the Pure Oil Research Center for presentation to the ACS Division of Petroleum 
@hemistry; and further investigations are now under way. —ARG 
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A clear, solventiess liquid, General Electric 
tlear LTV-602* cures at 75-80°C to form 
a resilient compound with excellent elec- 
trical properties. Even thick sections are 
perfectly transparent. Useful from —65 
to 175°C, this self-supporting material 
provides protection against thermal 
shock, vibration, moisture, ozone, dust 
and other hazards. 


*Low Temperature Vulcanizing 


General Electric clear LUV silicone compounc! 


Transparent, resilient, self-supporting and easy to repair 


LTV-602 is easily applied, flows freely in-and- 
around complicated parts. Having a low vis- 
cosity in the uncured state, 800-1500 centi- 
poise, LTV is ideal for potting and embedding 
of electronic assemblies. Unlike “gel-like” 
potting materials, LTV-602 cures to a flex- 
ible solid. Oven cure is overnight, or from 
6 to 8 hours at 75 to 80°C, 


LTV-602 is easy to work with and easy to repair. 
To repair parts embedded in LTV, merely 
cut out and remove section of material, repair 
or replace defective part, pour fresh LTV 
into opening and cure. Pot life, with catalyst 
added, is approximately 8 hours and may be 
extended with refrigeration. When desirable, 
LTV may also be cured at room temperature. 


Resiliency offers excellent shock resistance. 
LTV-602 easily meets thermal shock tests de- 
scribed in MIL-STD-202A test condition B 
which specifies five temperature cycles from 
—65 to 125°C. Tests indicate that LTV retains 
protective properties even after 1800 hours 
aging at 175°C. Other tests confirm LTV’s 
resistance to moisture and water immersion. 


LTV-602 is the newest addition to the broad line of G-E silicone potting and encapsulating materials 
which also include the RTV silicone rubbers. For more information, write to General Electric 
Company, Silicone Products Department, Section A340, Waterford, New York. 


GENERAL @ ELECTRIC 
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LINK-BELT Fan-cooled Worm Gear Speed Reducers 


right 
speed... 


Ys 


SINGLE, DOUBLE AND HELICAL WORM GEAR COMBINATIONS! 


There’s a Link-Belt worm gear speed reducer for every 
right-angle need. Link-Belt offers industry’s most complete 
range of types and sizes . . . in single and double reductions 
. .. horizontal and vertical mountings . . . with many com- 
binations of input and output shaft arrangements. 

These shock-absorbing reducers operate smoothly and 
quietly. Durable and compact, they are unsurpassed for 
adapting high motor speeds to modern production needs. 
Power is transmitted at either moderate or slow output 
speeds with ample capacity for heavy loads. 


ASK OUR ENGINEERS! 

Our experienced field engineers will help you with your application 
problems. With industry’s most complete speed reducer line to work 
with, their recommendations are unrestricted, unbiased. Contact your 
nearest Link-Belt office. Ask for book 2824. 
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All types are fan-cooled. An aluminum radial fan directs 
a steady flow of air over the finned sides of the housing, 
resulting in cooler operation that pays off in increased hp 
for each center distance . . . lower initial cost. 

Other design features include: automatic splash lubrica- 
tion, durable centrifugally cast bronze-alloy gears, hard- 
ened, ground and polished nickel-steel worms and adequate 
roller bearings. Single and double lip oil seals ride on 
micro-finished shafts. High capacity involute helicoid worm 
threads assure accurate engagement. 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1. To 
Serve Industry There Are Link-Bele Plants, Warehouses, Districe Sales 
Offices and Stock Carrying Distributors in All Principal Cities. Export 
Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao Paulo; 
Canada, Scarboro (Toronto 13); South Africa, Springs; Switzerland 

Geneva. Representatives Throughout the World 15,59 
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| FROM WASHINGTON... | 


Half of Lockheed’s $1-billion government job to be subcontracted 
A $1-billion beefup of the nation’s military troop and cargo-carrying capability has 
been started with the selection of Lockheed Aircraft Co as prime contractor for 
the building of a fleet of 100 or more such planes by 1965. ‘The company was 
selected in competition over Boeing, Douglas and Convair. However, fully 50% 
of work on the new plane—the SOR-182—must be subcontracted. 

Last Dec 30, the Air Force called for design proposals for the craft, stipulating 
that it must be capable of 440-500 knot speeds and carry 60,000-Ib loads for 
3000 mi or 20,000-lb loads for 5500 mi. It will be powered by four turbofan 
engines capable of operating from a 6000-ft runway. As it is designed with a 
full-width, rear-loading ramp, the SOR-182 has commercial air cargo possibilities. 


City mail delivery to be more mobile 
The Post Office Dept has ordered 300 electric, 3-wheeled “mailsters’” for use in 
city mail delivery. A $53,790 negotiated contract was placed recently with Highway 
Products Co of Kent, Ohio, with first deliveries due June 1. 

The new battery-powered vehicles will be built almost entirely from aluminum, 
and are expected to cut maintenance costs by about 50% as well as carry 60% more 
mail than conventional gasoline models now in service. 

Prototype vehicles have been tested in Miami and Houston by mail carriers. 
Some 90% of the men said they preferred the battery-powered vehicles to the 
conventional models. Reasons: easier to handle (less fatigue for the carrier), 
quieter to operate, and faster acceleration between stops. 

The new mailsters (currently in use in Europe) are born of research conducted 
by the Post Office Dept and Highway Products. First use of the 300 vehicles 
will most likely be in southern states. 

Some other Post Office modernization programs started during the previous 
Administration are being dropped. Postmaster J. Edward Daly has cancelled the 
department's program to develop a facsimile speed-mail system. This system was 
started several years ago with test transmissions made between W ashington, DC, 
Los Angeles, Chicago, and Battle Creek, Mich. 

Reason for the shut-off: high cost of perfecting the system. In addition, from 
its inception, the plan was strongly opposed by Western Union. 


Navy's lighter-than-air program is abandoned 

The Navy will drop its lighter-than-air (LTA) program, giving as its reason, “The 
functions which airships perform cannot compete with the tactical importance 
of other naval programs for the defense dollar.” ‘This will mean closing down 
the Navy’s LTA department at Lakehurst, NJ. 

According to Sen Clifford P Case (D-NJ), the Sec of the Navy has said that 
no money is included in the fiscal 1962 Navy budget for the LTA program. 
Sen Case may try to get the matter reconsidered, however, if only because the 
shutdown will mean dropping 489 civilian employes and the transfer of 625 
military personnel. 


Maritime wants automated steam-turbine propulsion by ‘ 
The Maritime Administration has called for industry proposals to develop an 
automated steam-turbine propulsion system by 1963. To be handled in four 
phases, the program will start with a design study to be completed in 3 months. 
The next steps are contractor selection, prototype construction and installation of 
the powerplant in the ship. The rising cost of operating US merchant ships is 
sparking the new research program. 
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EASTERN 
takes the 
gamble 
out of 


selecting 
POSITIVE 


DISPLACEMENT 


if you have a performance requirement for 
pumps which can deliver a pulsation-free flow 
of non-lubricating liquids at pressures up to 200 
psi on the gear type or rates up to 6 gallons per 
minute on the vane type, pick a winner from the 
big Eastern line. 
For small volumes against relatively high pres- 
sures, the Eastern GW series gear pumps are a 

natural. In each pump, oversized bearings of 

impregnated graphite support a drive gear of stainless steel and an idler of 
special bronze material. These self-priming units require no lubrication and 
cannot contaminate the liquid being pumped. 

For volumes from 1.5 to 6 gpm and pressures to 60 psi, you can’t beat Eastern 
VW series vane pumps. These highly efficient units are designed around a cam- 
shaped pumping chamber assuring pulsation-free liquid flow. Vanes are held in 
positive contact with the pumping chamber at all times — and their positioning 
is independent of hydraulic pressure or centrifugal force. Composition carbon 
graphite bearings and vanes require no lubrication beyond that of the liquid 
being pumped. 

All Eastern positive displacement pumps are close-coupled with motor or can be 
furnished less electric motor with belt stand for belt or coupling drive. 

Don’t make your points the hard way — play safe and write for Eastern’s new 
Bulletin 220 on positive displacement pumps. 


Other Eastern products: 


@ hydraulic motors @ gear pumps 


@ centrifugal pumps @ aircraft pumps 


EASTERN 
INDUSTRIES 
INCORPORATED 


Hamden, Connecticut 


a 


~f 





This NEW Manual Starter 
has EVERYTHING! 


NEMA Sizes 0 and 1 


Two, three and four-pole 
construction 








SMALLER! Takes less space, whether it’s 
built into machine or mounted externally 


SMART STYLING / Matches the streamlined 
appearance of today’s modern machines 


QWIK-MAKE, QWIK-BREAK ! Positive 


TRIP-FREE OVERLOAD PROTECTION! 
Impossible for operator to hold motor cir- 
cuit closed against overload 


POSITIVE PROTECTION ! Starter will not 
operate without overload units installed 


LONGER LIFE! Toggle Action operating 
mechanism. Heavy-duty construction 
throughout 


EASIER INSTALLATION! Wire it without 
removing starter from enclosure. All ter- 
minals have pressure wire connectors 


EASIER 
MAINTENANCE! 


kits make normal 
and mod- 
ifieations easier than 
ever. They're easy to 
buy, easy to identify, 
and faster to install 
sae ee TAMPER-PROOF! le 
a erp Cover padlocking 
ENCLOSURES _ rice pan 
. x ing by Una 
3 persons 
Water and Dust-Tight : Be . locks “start” button in 
ee pe eo" VISIBLE INDICATION 
Flush Mounting DZ OF OVERLOAD! 
Selt- ae — 
; ° buttons show when 
Write for BULLETIN 2510 B-C ‘ = } 4 coves has occurred 
Address Square D Company, amen 
4041 North Richards Street, 
Milwaukee 12, 
Wisconsin 


SQUARE J) COMPANY 


, 


wherever electricity is distributed and controlled 
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US Industry Breaks Out in Rash of Trade-secret Disclosure Cases 


LENKURT ELECTRIC CO VS GENERAL ELECTRIC CO: 
plaintiff charges that GE induced three employees to 
resign from Lenkurt and join GE. Lenkurt says the 
trio had helped develop its transistorized multiple- 
carrier system and now GE has the know-how and 
has signed contracts to produce units. Lenkurt is asking 
$4 million damages. 


MERCK & CO VS SEVERAL STAMFORD (CONN) FIRMS 
AND INDIVIDUALS: plaintiff charges that defendants 
usurped a secret drug formula and sold the informa- 
tion to competitors here and abroad. Merck is asking 
$7.8 million damages. 


ROHM & HAAS VS SAME STAMFORD FIRMS AND INDI- 
VIDUALS: plaintiff charges that defendants took 
secret information from its files and premises. Attest- 
ing that the secrets were developed at great expense, 
the suit seeks a judgment prohibiting the defendants 
from destroying any of its records or disclosing the 
secret information to anyone until suit is settled. 
Plaintiff wants reimbursement of all profits. 


RADIATION INC VS ORTONIX INC: plaintiff charged 
that certain of its former employes (founders of 
Ortonix) used confidential and secret knowledge, de- 
signs, drawings, lists of customers, etc.—all of this hav- 
ing been acquired during employment with Radiation, 


to benefit Ortonix and themselves. The 9th Judicial Cir- 
cuit Court (Florida) awarded Radiation a consent de- 
cree and damages totaling more than $200,000. 


SARKAN TARZIAN VS AUDIO DEVICES: plaintiff 
charged that 8 of its former employes used confiden- 
tial information belonging to Tarzian after forming 
their own organization (Audio Devices); Tarzian of- 
fered in evidence the agreements signed by 7 of the 8, 
promising not to disclose trade secrets. Court found 
for the defendants, declaring that plaintiff failed to 
prove Audio Devices was using any confidential in- 
formation belonging to Tarzian. 


TRACERLAB VS ELECTRO NEUTRONICS: plaintiff 
charges that two former employes, who formed a 
firm called Electro Neutronics, pirated secret design 
and price data from Tracerlab. This confidential in- 
formation had been developed by Tracerlab under 
Navy contract but was used allegedly by Neutronics 
to obtain production contracts to make a radiation- 
monitoring device for nuclear submarines. Neutronics 
will argue that the device could not have been de- 
veloped if Tracerlab hadn't been working under gov- 
ernment contract; consequently, the so-called secrets 
are in public domain. Tracerlab is expected to retort 
it did all the design work, that Navy still does not 
possess the complete design. 


. . . But Courts Walk a Vague Line Between What's Secret and What's Skill 


New Yorx—More and more fre- 
quently throughout the industrial US, 
courts of equity are being asked to 
decide whether employers are being 
deprived of valuable property, or if 
employes’ minds are being mortgaged 
bevond redemption. 

For example: a design engineer with 
a major manufacturer resigns abruptly 
to join a competing firm. Months 
later, the former employer brings ac- 
tion against the engineer and his new 
bosses, charging unfair competition; 
i.e, fraudulent use of trade secrets. In 
defense, the ex-employe arg: es that 
what he took with him was general 
knowledge and skill acquired during 
employment—nothing confidential. 

According to Charles Marks, New 
York patent attorney, the problem is 
an old one that is rooted deep in 
early English law. Black’s Law Dic- 
tionary defines a trade secret as “a 
plan or process, tool or mechanism, or 
compound known only to its owners 
and those of its employes in whom it 
is necessary to confide.” Such confi- 
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dential material is not to be confused 
with patented ideas, which are spelled 
out on legal documents registered with 
the government. However, laws gov- 
erning trade-secret disclosures in the 
US can be just as punitive as for 
patent-law violations. 

In the eyes of the law, a manufac- 
turer’s ownership of his technical data 
is among his most valuable assets, 
basic to maintaining a competitive 
position. Losing such property can 
mean substantial loss in terms of mar- 
ket position—even business failure. 

However, the manufacturer has 
been blessed with ample means for 
protecting the ownership of his con- 
fidential material. One way: restrictive 
covenants in which the employe agrees 
not to divulge confidential informa- 
tion during or after tenure of em- 
ployment. Another is a contract re- 
quiring that the employe will not work 
for a competing firm within a speci- 
fied geographical radius for a certain 
period of time. However, courts re- 
quire that terms of such covenants 


be reasonable. A frequent limitation 
acceptable to jurists prevents an em- 
ploye from competing with his former 
boss for one year within a 200-mi ra- 
dius. However, such decisions depend 
largely on prevailing state laws. 

In any commercial enterprise, the 
problem is bound to arise. Supreme 
Court Justice Benjamin Cardoza once 
said: “In most any business organiza- 
tion, the employer at some time must 
confide in one or more of his employes. 
If he takes the precaution of advising 
his employes not to divulge these con- 
fidential matters, then the employe is 
under instinctive obligation not to re- 
veal them.” 

The written agreement not to di- 
vulge trade secrets (usually embodied 
in an employment contract) is just 
one way of making certain the em- 
ploye is aware of his “instinctive obli- 
gations.” In 1851, a judge ruled: “An 
agreement by an employe that after 
expiration of employment he will not 
use confidential information obtained 
during employment in competition 
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with his former employer, and will not 
furnish such information to others, is 
a contract in partial restraint of trade. 
But it will be upheld as valid when 
it is reasonable in its terms, and nec- 
essary for protection of the emplover’s 
business.” 

In substance, if the employer uti- 
lizes the available cloaks of secrecy, 
the employe who subsequently di- 
vulges the trade secret and those who 
benefit from the disclosure will eventu- 
ally have to pay the piper. 

On the other hand, in any court of 
equity, the offended employer must 
prove (1) that something was appro- 
priated, (2) that the something was 
confidential and that the employe 
knew this, and (3) that the emplove 
obtained this something during his 
tenure of employment. Anything less 
could lose the case for plaintiff. 

Besides legal covenants, the em- 
ployer has a variety of ways to enforce 
secrecy. These include: clearance of 
all reports and speeches delivered by 
company representatives; the require- 
ment that confidential information be 
divulged only to those employes who 
really need to know; insurance that 
agreements with other companies 
stipulate keeping trade secrets in strict 


confidence, designation of all docu- 
ments (blueprints, specifications and 
other paperwork) containing confi- 
dential information with a warning 
legend. 

Even without such restraints, an 
American employe, whatever his posi- 
tion in the company, is under obliga- 
tion not to use trade data gleaned 
from his former employer to enhance 
his position with his new superiors. 

A prime example is the 1954 case 
of Carter Products vs Colgate-Palm- 
olive. Here an employe in a Carter 
division played a major role in devel- 
oping a shave cream dispenser called 
Rise. While with Carter, the em- 
ploye tried more than once to affiliate 
himself with Colgate. Only after Rise 
hit the market, did he succeed in his 
switch to Colgate, assisted by a good 
reference from Carter. 

Some months later, Colgate intro- 
duced an aerosol container for shave 
cream called Rapid Shave—a product 
similar to Rise. Carter subsequently 
brought action against Colgate-Palm- 
olive and the former employe, charg- 
ing unfair competition. In court, Car- 
ter offered in evidence notebooks kept 
by the employe during his develop- 
ment of Rise. These proved almost 


Unskewing Buffer Stores Tape Data, Increases Computer Speed 


60,000 alphanumeric characters per 


sec via 16 parallel recording channels on 1-in. tape and at packing densities up 
to 1500 bits per, inch, Potter Instrument Co, Plainview, NY, says its High 
Density Recording System actually gives higher reliability than is expected of 
standard recording methods. High accuracy is through use of self-clocking 
information channels—no separate clock channel is needed and multichannel 
data are read in parallel form, despite interchannel time displacement. Control 
buffers store bits and discharge a complete character simultaneously, regard- 
less of order of pickup from the tape. In a 40-hr continuous operation test, less 
than 2 sec re-read time were required to recover any data lost through 
transient error, and no permanent loss of information occurred. More than 
20,000 passes over any portion of the tape can be made without losing informa- 
tion, or significantly increasing dropout rate. 
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identical to the notebooks he later 
kept for Colgate. 

The court decided for Carter, not 
so much because the aerosol tech- 
nique was exclusive with Carter, but 
rather because the employe had vio- 
lated basic precepts of employer-em- 
ploye relationships. 

But what of the rights of an em- 
ploye? Is he therefore pretty much 
shackled to the covenants made with 
his employer? 

One jurist has said that language is 
inadequate to delineate the respective 
rights of employer and employe. But 
one thing is certain—what the em- 
ploye learns from experience can’t be 
brainwashed away. 

True, in some jurisdictions the em- 
ploye’s obligations have been spelled 
out in specific statutory language. For 
example, Section 2860 of the Califor- 
nia State Labor Code states: ““Every- 
thing which an employe acquires by 
virtue of his employment, except the 
compensation which is due him from 
his superiors, belongs to these employ- 
ers whether such acquisitions are ob- 
tained lawfully or unlawfully, during 
or after the tenure of employment.” 

In general, however, courts of 
equity (most such cases are processed 
through state supreme courts but there 
are other legal avenues for redress) 
hold that an ex-employe has the right 
to engage in a competitive business 
for himself and to compete with his 
former employer if the competition 
is fair. 

In the case of Donahue vs Permacil 
Tape, the ruling was that a former 
employe has a right to use all knowl- 
edge and information, belonging to 
him as an individual, for the transac- 
tion of any business in which he may 
engage—just as he may use the skill, 
knowledge, information or education 
he had before entering employment. 

For example, an unskilled employe 
who becomes skilled at the expense 
of one employer is free to move on to 
a higher paying job even if it’s with a 
competitor. The fact that an ex- 
employe quits and goes to work for a 
competitor is not actionable under 
laws governing nondisclosure of trade 
secrets; it must be shown that the 
former employer is suffering unfair 
competition as a result. 

Differentiating between trade skills 
and trade secrets is no problem when 
dealing with unskilled employes. But 
the more important the employe to 
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the organization, the more difficult to 
draw the line of distinction—especially 
for engineers and technicians engaged 
in research and development. In these 
cases, it behooves the employer to la- 
bel specifically and in detail what he 
considers confidential and make sure 
that the employe understands what is 
meant. 

Also, when the employe has worked 
in sensitive areas of the organization 
and decides to leave the firm, it might 
be advisable to stage a general review 
of things confidential—to serve as a 
double-barreled guarantee for the em- 
ployer. . 


East West to Confer 


on Measurements 
Vienna—Some 700 delegates from 
more than 22 countries are expected 
to attend the 2nd International Meas- 
urement Conference (IMEKO-1961 ) 
in Budapest June 26 through July 1 
—nearly double the participation at 
the first meeting in 1958. 

A total of 138 technical papers have 
been selected so far as suitable for 
presentation while 150 specialists from 
26 countries have expressed a desire 
to participate actively in the program. 
The three official conference languages 
are English, Russian, and German, 
with French permitted for those who 
wish to use it. 

The conference wil deal with fun- 
damental questions of metrology as 
well as the main trends in develop- 
ment of scientific and industrial in- 
strumentation. The relationship be- 
tween education and instrumentation 
will be probed, as will the connection 
between automation and measure- 
ment. In addition, the creation of a 
common international vocabularly en- 
compassing technical measurement 
terms will be considered. 

IMEKO’s preparatory committee 
(of which the Instrument Society of 
America is a member) agreed that the 
Paris International Exhibition sched- 
uled for May 9 through May 17 will 
not conflict with the Budapest con- 
ference. The Paris meeting consists 
of a conference of 700 foreign and 
domestic delegates as well as an In- 
ternational Measurement and Instru- 
ment Show. 

The US is expected to send 20 dele- 
gates to the Budapest conference. 

—Fred Baer, Regional Editor 
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TEST OBJECT and X-ray equipment are placed in an insulated chamber for 
safety. The camera records an image projected on an image intensifier set in 
the cell wall. 


ENLARGEMENTS from 16mm movie 
film, this series of frames depicts 
movement of a counterbalance within 
a pressure transducer that has failed. 
Film speed was about 800 frames per 
sec while the transducer was being 
vibrated within its operational en- 
vironment. The failed counterbalance 
is indicated by the arrow in one frame. 


X-ray Movies Show How 
Part Works—and Fails 


San Dieco, Catir — Convair-Asto- 
nautic’s Reliability Group has been 
using for the past year a technique of 
X-ray movies to observe operation and 
failures of encapsulated devices in 
their operational environment. ‘The 
assembly to be studied is placed be 
tween an X-ray unit and a fluorescent 
screen within a radiation cell. Rays 
from the X-ray pass through the ob- 
ject and impinge on a fluoroscope 
(image intensifier) in the cell wall. 
Either standard (24 frames per sec) 

or slow-motion movies can be made. 
Borrowed from medicine, this high- 
speed X-ray method has been in use 
for several years, notably with West- 
inghouse equipment at Rototest Labs, 
Lynwood, Calif. It has been called 
Cine-radiography and used in life, vi- 
bration and performance tests on elec- 
tronic components. Once the film 
reveals deterioration or failure of a 
part, the engineer can X-ray minute 
sections, using controlled penetration 
and laminography to focus on the 
critical point. The camera shutter is 
electrically synchronized with the X- 
ray pulses. Stereoscopic methods are 
continued on page 20 
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FOR ACHIEVEMENTS 

IN RESEARCH, 
DEVELOPMENT AND 
UTILIZATION OF 
GALVANIZED PRODUCTS 
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Ten awards are to be made 
to entrants selected by the 
judges. Each award will 
consist of $1,000 in cash, 
a suitable medal and a 
Certificate of Achievement. 


This is not a contest—it is a search for new ideas. Jj Your 
entry, therefore, will not be judged against others, but solely 
on its merit and value in developing new applications and mar- 
kets for Hot Dip Galvanizing. § If your idea, in the opinion 
of the judges, is of practical value to the industry, you will be 
cited for an award—promptly. JJ Because the Hot Dip Gal- 
vanizing Industry is anxious to receive ideas of this type, the 
judges reserve the right to present more than 10 awards, if the 
entries warrant. 

CONDITIONS § Anyone in the world (except members of 
the American Hot Dip Galvanizers Association and the 
American Zinc Institute, and their employees and advertising 
agencies) may submit one or more entries. §J Entries will be 
considered by the judges promptly upon their receipt. No entry 
received after April 30, 1962 will be considered. jf The Awards 
will be made for ideas pertaining to: (a) Applications of Hot Dip 
Galvanizing to a new or unusual field, or; (b) An improvement 
in application in fields where Hot Dip Galvanizing is now being 
used, or; (c) New methods of after-treatments of Hot Dip 
Galvanized products. §§ Each entry submitted must contain: 
(a) Description and documentation of application. (b) Case 
history of the application or process accompanied by photo, 
drawings, formulae, etc. (c) All technical data needed for the 
utilization of the idea submitted. (d) Release of the applica- 
tion or idea for general use without payment or royalty other 
than the $1000 award. § The decision of the judges will be 
final. Award-winning ideas will be retained by the American 
Hot Dip Galvanizers Association for dissemination throughout 
industry. Other entries will be returned. J No formal entry 
blank is required but the entry should be accompanied by the 
name, address and business connection of the individual sub- 
mitting it. Business firms or corporations may submit entries 
under their business name, instead of as individuals, if they 
choose to do so. J Entries should be sent to: AMERICAN HoT 
Dip GALVANIZERS ASSOCIATION, INC., 5225 Manning Place, 
N.W., Washington 16, D. C. §§§ Note: For information on 
galvanizing write to the above address for name and location 
of the American Hot Dip Galvanizers Association member 
nearest you. 


THE JUDGES & Dr. Clarence H. Lorig, Technical Director, 
Battelle Memorial Institute and Past President American 
Society for Metals. §§ Mr. John R. Daesen, Technical Director, 
American Hot Dip Galvanizers Association. §§ Mr. John L. 
Kimberley, Executive Vice President, American Zinc Institute. 
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continued from page 17 

being considered, as well as correla- 
tion with closed-circuit TV and other 
test equipment. 

As used at Convair, the object be- 
ing photographed can be on a vibra- 
tion table, under heat or vacuum, or 
subjected to other single or combined 
test or working environments.  Pic- 
tures are, of course, of a projected 
“shadow,” so the individual frame is 


not clear, but the projected movie is 
readily understandable. Typical tests, 
so far, have included those of a pres- 
sure transducer and of a gear train. 
One film shows failure of a counter- 
balance within the transducer; the 
other shows contact areas on the gears. 
In each study the pictures were taken 
through package walls of 4 in. Al. 
The X-ray machine, a 150-kv, con- 
stant-potential, fractional-focus, No- 


Czech Resistance-welding Points to Economy Car Engine 


VieNnNnA, AustR1A—Resistance-welded 
crankshafts made from machined rods 
and bars may lead to less expensive 
automobile engines without sacrificing 
mechanical strength. At least, that’s 
the hope of the Welding Research 
Institute of Bratislava, Czechoslo- 
vakia, which is working on several 
prototype units, under the direction 
of Dr Ing O Puchner. 

Resistance welding of crankshafts is 
said to be especially suitable for shafts 
of less than 1.950-in. dia. A recent 
test unit made up of four webs and 
five pins (sketch, right) had this 
diameter prior to welding. The 
0.195-in. dia holes were drilled 
through the pins after welding to 
simulate notch effect of lubrication 
ports. Carbon steel with a tensile 
strength of 71,100 psi formed the pins 
and the webs used a 52,600-psi 
material. 

Welded units were subjected to 
fatigue tests under alternating torsion 
stresses. Results were compared with 
data obtained by subjecting forged 
crankshafts—made for Tatra cars—to 
similar tests. Only difference between 
the test shafts was strength; welded 
shafts averaged 71,100 psi and forged 
shafts, 99,150 psi. 

Higher strength of the forged shaft 
was originally thought to be an ad- 
vantage. But, failure tests showed 
conclusively that the major stress is 
not in the weld area but in the plane 
of the lubrication ports. 

Vicker hardness numbers ranged 
between 130 and 214, with the high- 
est hardness value corresponding to 
the pin-side portion of the weld. Heat 
treatment of welded crankshafts is 
therefore necessary. The weakest 
point as far as fatigue is concerned is 
the transition from pin to web. Local 
strain-hardening of the transition area 
by roller burnishing is found to be an 
efficient way to improve the fatigue 
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telco X-ray tube; the assembly being 
studied; and the environmental equip- 
ment are placed within an 8-by-10-t 
cell to protect operators against radia- 
tion. A fluorescent screen is set 
within the window in the cell; the 
camera, a Fairchild motion analyzer, 
is set up outside. Over the camera 
opening to the cell is a protective 
slide which can be shifted to one side 
for the period of the filming. . 
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WELDED CRANKSHAFT: shape and dimension. 


limit and to eliminate web failure. 
Such strain-hardening can only be effi- 
cient if the fatigue limit is not reduced 
for other reasons. 

In crankshafts. with lubrication 
ports, local strain-hardening of the 
pin-to-web transition has only limited 
significance unless the notch effect of 


the lubricating ports is also suppressed. 
For instance, with specimens in which 
the webs had intentionally been made 
from a material with comparatively 
low static strength, the failures devel- 
oped in the pins from the lubricating 
ports. 

—F H Baer, Regional Editor 


Keep Math Practical, European Engineers Say 


Paris—Mathematics has become so 
important to engineers and physicists 
that their basic training in the sub- 
ject should be taken out of the hands 
of mathematicians. This apparent 
paradox was advanced recently at a 
seminar here on mathematical knowl- 
edge needed for a technical career. 
The gathering was sponsored by 
OEEC’s Office for Scientific and 
Technical Personnel. 

Mathematics, the delegates agreed, 
has a dual nature: it is a powerful 
working tool for engineers, and it is 
the best of all possible abstract worlds 
for mathematicians. Most speakers 
urged that elementary-school teachers 
keep math concrete, rather than em 
phasize its abstract qualities. They 
recommend the same even at the un- 
dergraduate level, where new topics, 


they said, should be introduced by 
showing their use as tools in science 
and engineering. Exercises should be 
drawn from practical applications. 
Only after that, the consensus held, 
do students need the rigorous proofs 
that become the intellectual suste- 
nance of mathematicians. One speaker 
suggested that differential equations 
be taught as a laboratory course. 
The participants also agreed that 
engineers and physicists should master 
similar mathematical disciplines. The 
requirements include vector field 
theory, linear algebra and matrices, 
complex variables, ordinary and dif- 
ferential equations, special functions, 
probability and_ statistics. Modern 
topics should be added to this classi- 
cal program only when they have en- 
gineering applications—as, for exam- 
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ple, the applications of discrete 
mathematics to calculating machines. 
But no matter how far an engineer 
advances into mathematics, he should 
always be kept aware of the quantita- 
tive aspects of his subject and the 
value of numerical methods, the dele- 
gates concurred. One speaker pointed 
out that many engineers run into 
design trouble because their mathe- 
matics instructors, blinded by the fas- 
cination of elegant solutions, don’t 
teach them that an integral or dif- 
ferential equation can be solved nu- 
merically. Unable to solve, say, a 
differential equation by analytic meth- 
ods, they simplify their problems, 
then run into trouble. The engineers 
are often unaware that the original 
problem could have been solved by 
numerical or graphic methods. 
When a tight curriculum forces a 
choice between deep understanding of 
mathematics as a working tool, or a 
superficial covering of many mathe- 
matical specialties, the delegates pre- 
ferred depth of understanding. » 


ltaly’s Machine-tool Makers 
Aim for an R&D Center 


Mitan—lItaly’s machine-tool makers 
want to set up a research and stand- 
ardization center to serve the needs of 
their industry. Though they have a 
constitution, they face the prospect of 
a 3-year wait for a completed building. 

Traditionally, research in Italy’s 
machine-tool industry has been con- 
ducted by individual firms, a costly 
and fragmentary approach. The asso- 
ciation, organized under the name 
of the Association of Machine Tool 
Manufacturers, is the first such asso- 
ciation of small and medium manu- 
facturers to be formed in this country; 
other research institutes here are born 
of cooperation among big industry and 
state-run industries. 

But the association must first over- 
come two obstacles: (1) availability 
of funds, and (2) qualified research 
workers. This may take more than 
three years. 

Administration of the new center is 
expected to cost about $5000 (no 
mean sum here) with the National 
Research Council picking up about 
half this tab, the association paying 
some and the rest of the total met by 
firms that benefit from use of the 
center’s facilities. . 
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MHD Generator Passes High-power Test 


Everett, Mass.—Having demon- 
strated the feasibility of magneto- 
hydrodynamic power systems, Avco 
has now built and operated a high- 
power (200 kw) unit. Operating time 
is not long—only about 10 sec. But 
that’s more then enough, says Avco, 
to evaluate the system. 

Next step will be low-power, long- 
term testing of various components— 
with a large-scale version of the high- 
power unit as ultimate goal. Avco is 
now convinced that such a system 
could be at least 40% more efficient 
than conventional powerplants, right 
from the start. Thus, MHD plant will 
operate at the 56% efficiency level. 

Many problems remain to be solved. 
Electrode design needs improvement 
Materials must be developed for gas 
channel walls. New preheating and 
regenerator s\ must be _ tested. 
But Avco believes it’s now well on the 


systems 


way to solving these problems. 

While operation of the large-scale 
experimental MHD generator will lead 
the way to development of even larger 
generators, research is continuing at 
Avco-Everett on other aspects of the 
program. One aim is to define the 
most efficient and practical generator 
system. It now appears that the first 
working MHD powerplant will be a 


fossil-fueled, open-cycle system, but 


continued development of nuclear 
power sources means that closed-cycle 

nuclear-fueled plants are possible. 
Other aspects under study are 
schemes for converting the generator’s 
de output to ac. At present, simple 
inverters seem most feasible, but some 
consideration has been given to mak- 
ing the generator produce dec directly. 
[he research is being done at the 
Avco-Everett Research Laboratory 
with American Electric Power Service 
Corp as agent for 12 utility companies. 
. 


Japan Selling Compact Car 
with 84.6-in. Wheelbase 


loxyo—A new small passenger car 
with a 35-hp rear engine and a max 
speed of 65 mph has been introduced 
»y Hino Motors Ltd, a firm which 
until this month made the Japanese 
Called the Con- 


4 
measures 182 


version of Renault. 


+] 


the new model 


tessa, 
in. long, 58 in. wide and 55.7 in. 


high, with an $4.6-in. wheelbase. The 
$1625 Contessa weighs 1587 lb 
introducing a small 


capable of 


Hino is also 
front-engine-drive truck 
loading 1653 lb. The Briska measures 
151.6 in. 63.9 


wheelbase. 


long, 63.7 in. wide, 
in. high, with a in 
[It is priced at $1105 s 


200,000 WATTS of power can be produced by Avco’s largest and most advanced 
experimental MHD generator. The Mark-II is being used to evaluate engineering 


problems connected with power generation using MHD’s plasma method. 


Gen- 


erator consists of iron pole-pieces and copper plates connected to form a coil. 
The magnetic field is formed across a channel running through center of the 


magnet. 


A gas burner similar to a rocket engine produces a 5000-F electrically 


conducting gas, which is forced through the magnetic field to generate an 


electric voltage. 


The power is tapped off on electrodes attached to the inside 


of the channel and delivered to the load through two sets of cables (upper left). 
The gas exhausts into the atmosphere through a pipe (lower left). 
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..oterling’s variable speed drive 
never requires lubrication 


Costs Reduced—One of management's biggest headaches 
has been the development and maintenance of proper lubri- 
cation schedules. As a consequence, lubrication problems 
have long been the cause of variable speed drive failures, 
pulley wear, sticky pulleys, shortened belt life, excessive 
noise, and many other equally costly problems. 

High labor costs, coupled with increased maintenance 
needs, are major management problems. 


Lubrication Eliminated —Now, Sterling has eliminated all 
lubrication maintenance problems. No part of a Sterling 
variable speed drive needs to be lubricated. 

All bearings, sealed and shielded, are factory-lubricated 
and therefore require no lubrication. Shaft surfaces are im- 
pregnated with a special exceptionally tough and wear- 
resistant material which eliminates need for lubrication. The 
non-metallic bushings are also fabricated from a special ma- 
terial that is equally wear-resistant. 


Special Load-Bearing Surfaces—At no time do these sur- 
faces require any attention. Even the keys are fabricated 
from a tough elastic material and will not wear out. 


Shaft surfaces are extremely tough; material provides unusual chemical 
resistance and anti-frictional properties that make an excellent load- 
bearing material operating under extremely low or high temperatures. 
Keys and bushings are fabricated from a material proven to have out- 
standing abrasion resistance; holds up indefinitely under frictional 
conditions, thus eliminating need for lubrication. 





Lthawre 


Fret corrosion, long a problem with metallic load-bearing 
surfaces, is completely eliminated since non-metallic surfaces 
now carry the load. Sticky pulleys, frequently the result of 
improper lubrication, are no longer a problem. 

Sterling’s new “Lube-Free” variable speed drive can be 
installed in any location, no matter how inaccessible, since 
lubrication maintenance is no longer needed. 


Other Benefits—Costs are reduced, money saved, when 
lubrication maintenance is no longer necessary. Belt life is 
lengthened; pulley wear is eliminated. Bearing life may also 
be lengthened by the elimination of worn pulleys—often the 
cause of vibration and bearing wear. 

All other Sterling variable speed advantages are present in 
this new “Lube-Free” drive: wide range of speeds, heavy 
duty cast iron case, finger-tip speed control, etc. 


Information Available—Complete application and product 
information is available by writing Dept. B-6, Sterling Elec- 
tric Motors, Inc., 5401 Telegraph Road, Los Angeles 22, 
California—or by contacting the Sterling field engineer in 
your area. 


This V & O Notching Press is powered by a new Sterling “Lube-Free” 
variable speed drive. It will never need lubrication. Similar units have 
been installed in the food processing industry. The elimination of tubri- 
cation is particularly important in the food processing industry where 
variable speed drives have such wide application, and where oil and 
grease create sanitation problems. 


Sterling Electric Motors, Inc. 


5401 TELEGRAPH ROAD, LOS ANGELES 22, CALIFORNIA, 
A Subsidiary of HATHAWAY INSTRUMENTS, INC. 


-: TRUMENTS 
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“Conventional-flight problems still persist . 


despite the rapid transition of the Space Age. The reports 
of airline crashes caused by operational circumstances at 
takeoff and landing, air-traffic control in congested areas or 
structural failures due to speed, emphasize our need to 
apply ourselves to these more mundane _ technological 
problems. 

“Thomas Edison’s statement that the airplane is ‘only 
half invented as long as it requires a long takeoff and land- 
ing run’ highlights the problem area. There are more 
accidents attributable to takeoff and landing than to any 
other cause, in both commercial and military areas. The 
takeoff and landing problem will remain of major impor- 
tance until we eliminate the necessity for aircraft to 
approach and touch down at speeds which are double the 
velocity of a hurricane. These speeds can be eliminated 
by further study and the development of operational 
V/STOL aircraft. 

“Research and development during the 1950s has con- 
clusively demonstrated that many types of conventional 
propeller and jet aircraft can be successfully developed to 
operate from vertical takeoff. Regrettably, the dilution of 
funding by the dawning Space Age and a lack of decisions 
on operational requirements has prevented follow-on devel- 
opment. This development of the V/STOL airplane offers 
the industry opportunity for considerable gains. Such 


“Two research projects come to mind . . . 
both of which will require extensive investigation and 
which could be very important if positive solutions can 
be found. One is the development of materials which will 
do the job at elevated temperatures (above 450 F) that the 
organic elastomers, sealants, and adhesives can do today. A 
materials system which has the temperature resistance of 
the silicones, but the strength of the conventional carbon 
chains, would offer a simplification of design and a very 
real cost saving even if the materials themselves were ex- 
pensive. 

“Certain organic materials are available which do retain 
their properties after short-time exposure to temperatures 
up to 2000 F; however, for applications in aircraft which 
will operate at Mach 3 and faster for periods up to 2000 
hours,. presently available organics fall far short of prac- 
tical application. Development work on new polymers 
such as the organometallics to improve this life at tem- 

tature and to reduce the effects of high-temperature 
oxidation may prove fruitful. 

“The second needed development is that of learning the 
fundamental mechanisms which cause or influence crack- 
propagation or tear-resistance characteristics of metals. 
Empirical work has shown that this characteristic will 
frequently limit the utilization of the high tensile and 
compressive strengths which can be obtained in currently 
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THE QUESTION: 


What Technological 


ee 
gains can only be ac- 
complished by building 
second-generation V/ 
STOL aircraft. In 
transport and fighter- 
bomber applications, 
these aircraft can be 
placed in the field on 
an operational _ basis. 
These operational air- 
craft will quickly de- 
velop to suit uses and 
capabilities antiquating 

James A O'Malley Jr our present methods 

Aerospace Marketing Dept of takeoff and landing. 

Bell Aerospace Corp This joining of the tech- 

nological capabilities of 

the machines with the experience and ingenuity of our 

operational groups is the only means of guaranteeing suc- 
cessful development. 

“An ambitious triservice V/STOL transport is being 
initiated. This program, properly funded and aimed at a 
state-of-the-art increase over conventional rotary-wing air- 
craft, will provide many of the operational inputs needed 
for successful development.” 


available alloys. In gen- 
eral, as the strength 
level of metals is in- 
creased, the  crack- 
propagation tendency 
is also increased, i.e. 
the length of crack 
which will be self- 
propagating becomes 
shorter and shorter as 
the strength level goes 
up. Increased strength 
level is recognized as 
not being the whole 
story because not all 
structural metals react 
to the same degree. 
Thus, in two different 
alloys, the stronger material may have better resistance to 
crack propagation. In some cases, there are observed 
anomalies, where the soft (annealed) condition is less tear 
resistant than is the hardened condition. Knowledge of 
the fundamentals could lead to design of alloys or to the 
control of constituents in current alloys in such a way that 
users could take full advantage of high-strength metals.” 


F R Kostoch 


Group leader 
Material and Process 
North American Aviation Inc 
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Problems Need Solutions in the Aircraft Industry? 


“The free world needs many scientific advances 


during the next several years if it is to hold the lead in 
the international race for aeronautic and astronautical 
supremacy. These needs have been stressed in a report 
prepared by more than 200 research and engineering ex- 
perts. Of particular interest to those concerned with prod- 
uct engineering are predictions that: 

e There will be an ever-decreasing time for manufactur- 
ing development, a byproduct of ultramodern weapon 
systems as a result of scientific and technological gains. 

e During the next five years, the required high-vield 
alloys (to 350,000 psi) will be available only in sheet and 
bar form. To minimize rising costs, sheet-forming equip- 
ment being developed will have to produce parts closer to 
final configuration. 

e When higher temperatures are used to process re- 
fractory-metal alloys the industry will be confronted with 
entirely new materials problems. High vacuum, high tem- 
perature furnaces must be developed for heat-treating high- 
melting-point, atmosphere-sensitive materials. 

e The use of conventional cutting equipment is declin- 
ing, particularly in environmental problem areas. Some 
operations such as shearing, blanking, and machining 
presently performed at room temperatures will have to be 
done with tools and materials at very high or subzero 
temperatures. 

e Applications of numerical tape control will extend 
rapidly to lofting, drafting, testing, inspection, and system 
checkout. 

© Many methods of joining materials are being upgraded 


as greater joint-strength 

requirements become 

manifest during the 

next decade. Assembly 

of components into 

lightweight, fuel-tight 

structures will put in- 

creasing emphasis on 

fusion, rather than re- 

sistance-welding _ proc- 

esses. A method of 

joining metals without 

heat is needed, and 

welding of fibrous ma- 

Gen Orvel R Cook terials used for trans- 

President piration cooling must 

Aerospace Industries Assoc be investigated. Tech- 

niques are also sought 

for welding refractory metals to dissimilar metals, and for 
welding metals to glass. 

e Techniques and equipment will have to be developed 
for special handling and storing of many materials. Wide, 
extremely thin sheet material must be transported without 
deformation. Exhaust and filtering systems will be widely 
needed to reduce health hazards in processing toxic mate- 
rials, such as beryllium. Any use of radioactive materials 
will require special automatic remote-control machines, 
controls for chips and coolants, insulating materials, meas- 
uring methods and waste-disposal equipment.” 


“Microbes that contaminate fuels will clog . . . . 


the fuel filters, cause faulty capacitance fuel-gage readings 
and corrode fuel tanks. Kerosene-type fuels nourish a 
variety of bacteria and fungi that thrive in the condensed 
water vapor trapped in jet-aircraft fuel tanks. A warm, 
humid climate affords the necessary environment for rapid 
growth of these microorganisms. It’s called ‘green slime’ 
which adequately describes its sinister character; but actu- 
ally the residue is neither green nor slimy. It appears as a 
black, tar-like scum when wet and as a light tan-gray pow- 
der when dry. 

“On December 2, 1960, the Aircraft Research and 
Testing Committee of the Aerospace Industries Association 
met at Orlando, Fla, and established a project to bring 
coordinated aircraft-industry action to bear on finding a 
solution to the green slime problem. Concern of the air- 
craft industry has been heightened by the new corrosion 
problem which has only been known during the past few 
months. 

“The US Naval Research Laboratories have identified 
the microorganism types and determined that growth 
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occurs at the fuel-water 
interface. They have 
found that growth is 
nourished by hydrocar- 
bons taken from the 
fuel and by oxygen 
from the water. The 
ideal solution is to find 
a fuel additive that pre- 
vents bacteria growth, 
is harmless to fuel- 
tank interiors and does 
not affect fuel-combus- 
tion characteristics. Re- 
search has solved such 
problems in the past 
and the aircraft indus- 
try looks again to re- 
search to rid our fuel 
tanks of green slime.” 


Edward H Spaulding 


Chief technical engineer 
California Div 
Lockheed Aircraft Corp 
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NEW SUPER-TOUGH 
ORE HAULER USES 


NAX 


4HIGH-STRENGTH STEE! 
TO CUT DEAD WEIGHT AND 
STRETCH PAYLOAD CAPACITY 


This Lectra Haul M-55, made by Unit Rig and Equipment Co. of Tulsa, 
is now working in the open pit iron mines in Minnesota’s Mesabi range. In 
bone-freezing —40° weather, it can stand up to the shuddering shock of 55 
tons of drop-loaded iron ore, climb a 6% grade at 8.6 mph then dump those 
55 tons in a crashing, grinding 18 seconds. The quarry body that takes this 
loading impact and dumping abrasion in sub-zero temperatures is made of 
N-A-XTRA high-strength steel, with X-A-R Abrasion Resistant Steel for 
extra hardness and toughness in wear areas. N-A-XTRA also forms the 
structural members of the complete unit. 


Why N-A-X TRA? Because, pound for pound, it’s nearly three times stronger 
than ordinary steel. That means it’s strong enough to absorb severe punish- 
ment without constant maintenance, and light enough to handle the highest 
possible payload. In fact, the Lectra Haul payload is almost as much as the 
net vehicle weight itself. 


N-A-XTRA and X-A-R are doing the job where only the strongest steels 
will do. Easily formed and welded, they are making products stronger, 
lighter, longer lasting. N-A-XTRA fully quenched and tempered steel is 
available in four levels of minimum yield strengths, from 80,000 to 110,000 
psi. X-A-R steels are supplied in hardnesses from 360 to 400 BHN (or, by 
agreement, in a range between 265 and 500 Brinell). For full technical 
information, write Great Lakes Steel Corporation, Product Development, 
Dept. PE-1, P.O. Box 7310, Detroit 2, Michigan. 


NAXTRA 
HIGH-STRENGTH STEELS 
A PRODUCT OF 


GREAT LAKES STEEL 


Detroit 29, Michigan 

















N-A-XTRA AND X-A-R STEELS ARE AVAILABLE AT THESE STEEL SERVICE CENTERS 


Benedict-Miller, Inc. Joseph Demsey Co. Ducommun Metals & Supply Co. 
Lyndhurst, New Jersey Cleveland, Ohio Los Angeles, California 


Interstate Steel Co. Lockhart Ircn & Steel Co. Marsh Steel & Aluminum Co. 


Evanston, Illinois Pittsburgh, Pennsylvania Kansas City, Missouri 


O’Neal Steel, Inc. Salt Lake Hardware Co. A. C. Leslie & Company, Ltd. 


Birmingham, Alabama Salt Lake City, Utah Montreal, Canada 
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Lectra Haul M-55; made by 

Unit Rig and Equipment Co., Tulsa, Okla. 
224,000 lbs. GVW 

110,000 lbs. capacity 

700-hp. diesel engine 

4 wheel-mounted electric traction motors 








ithbricated of N-A-XTRA 100 (100,000 pst minimum yi strengtl 
from p ites +h Ta: und ré inforce 1 with j 
thick N-A-X TRA 100. Wear areas of bottom, side and front s 

were made of X-A-R Abrasion Resistant Steel fron 

thick, 388 Brine hardness. Fabrication followed standar 


J y , string " ; ") Jin 
shearing, Zas culling and weiding } 





Great Lakes Steel is a Division of NATIONAL STEEL CORPORATION 
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Nicholson Welded Floats... [Reaver to corvon] 








More on Safety Belts 


To the Editor: 

It was in 1958 that Cornell Medical 

College, through its crash-injury research 
| program, estimated that if every car on 

the American highways were equipped 

with the then 2-year-old safety devices, 

| the 40,000 deaths a year due to car acci- 
dents could be cut to 19,000. Five years 
earlier, in 1953, Ford had become in- 
terested in the Cornell program and in 
| 1955 we made our first contribution to 
the work of this group. 

The most spectacular discovery of this 
group was that passengers and the driver 
were far safer if they remained in the 
car than if they were thrown clear. Ejected 
occupants, Cornell found, suffered more 
than twice the injury risk and were fatally 
injured five times as often as those who 
stayed inside. The program also estab- 
lished the steering-wheel post was the 
greatest injury source inside the car, with 
the instrument panel a close second and 
shattering of the rear-view mirror a con- 
tributor. 

When these facts were established, 


‘aces’ for buoyancy mediums, Ford engineering speeded a_ top-priority 


program aimed at “packaging the pas- 


fl . senger” against the more serious hazards. 
ul C ambers pressure vessels The result was the famous Ford 1956 
’ safety package: safety door latches to re- 

Long, trouble-free service! You can count on that, for sure, with duce the danger of doors opening, high- 
Nicholson floats, for working pressures up to 2500 Ibs. They’re precision- test seat belts, deep-dish steering wheels, 
welded to stand up to the pressure or corrosive conditions for which improved padding bay preeagheanrwuns panels 
, , : ; f “are ego and sunvisors and shatter-resistant rear- 
they’re specified. Available in spherical, cylindrical or elliptical shapes view mirrors. We spent more than $10 
. and from 2” to 14” diameter sizes. Float halves are die-formed, million in development, and we spent 
spun, laminated or electro-deposited. Walls are, therefore, uniformly many many millions on safety as our basic 
thick. Annealed to avoid cracking. Butt-welded seams. Steel Floats: advertising theme. Our crusade got off 
chromium, cadmium, copper plated. Also unplated, with sandblast or to an excellent start, probably due to a 
pickled finish. Stainless Steel and Monel floats: rough buffed, polished pent-up demand for safety features among 


or with smooth, highly-finished welds. those whose bitter experience had made 
them safety-conscious; then the demand 


slackened. The general public remained 
indifferent. 
There are three basic elements in safety: 


This Coupon Brings You Informative the driver, the highways, and the car. 
Bulletin On Floats We are amazingly good drivers, on the 


: average, yet there will always be drivers 
Bulletin 753 contains facts on steel, stainless steel and monel floats, unfit to use our highways. The legislator 
information on float connections, tables showing weight, buoyancy and who lays down strict physical and mental 
collapsing pressure for spherical floats for all gauges . . . also volume requirements for licenses deserves our sup- 


and buoyancy data. Fill in and mail this coupon for your copy. port, and so does the conscientious patrol- 
man or judge who deals with the chronic 


Nz speeder and the accident-prone or alcohol- 

seine . 7 ‘ prone driver. Our highways are good; 
our highway engineers have done a superb 
job trying to catch up with the World 
War II lag in construction. However, no 
highway engineer can build a road safe 
for all cars at all speeds—which brings up 
the factor of car design. 

The modern American car is a massive 
shield of steel, powered by a motor capable 
of quick acceleration for merging with 
fast-moving traffic streams, or for crossing 
them safely. Power, however, is not the 
W. H. NICHOLSON and COMPANY primary cause of accidents. Over half 
our serious accidents occur at speeds of 
12 Oregon Street ° Wilkes-Barre, Pa. less than 45 miles an hour. Our 1956 
efforts in the field of vehicle safety were 
spectacular and the ensuing years have 








Title 
Company 


Street 
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seen no relaxation of our safety research. 
The development program continues at 
full throttle. The company cooperates 
with every legitimate ee el and traffic 
safety organization to improve highways, 
reduce accidents and lessen the severity 
of accident-incurred injuries. Our lab- 
oratories currently stage, on the average, 
two crashes per month to study the effect 
of new safety devices on anthropometric 
dummies, and to aid in the design of even 
more effective protective items. 
—R H FRepericks, supervisor 
Vehicle Safety and Accessories Section 
Product Study Engineering 
Ford Motor Co 


CORRECTIONS 


. . We regret that through oversight 
we failed to give suitable credit for ma- 
terial in our article, “For Stronger, Tougher 
Metal-powder Parts,” (Mar 13, p 78). 
Supermet Div of Globe Industries was our 
source, particularly of the mechanical-prop- 
erty data and photographic material —Ed. 


... In the article “When Linkages Need 
Harmonic Analysis” (Mar 6, p 47), the 
last term in the working equation should 
have been cos mé@ instead of cos m.—Ed. 


. . In my article, “New Equations 
Simplify Pin Measurement of Gears,” 
(Mar 13, p 80), inv ¢ should be inv ¢A 
in Eq (2). The term “sec ¢,” in Eq (4) 
and (5) should be deleted. 

Joun H Grover 
Ford Motor Co, Detroit 


COMING EVENTS 


MARCH 

27-31 .... Instrument Society of Amer 
ica, National Bureau of Standards, Ameri 
can Institute of Physics, Temperature 
Measurement and Control, Veterans Me 
morial Building, Columbus, Ohio 


APRIL 


4-7 . . . . Society of Automotive Engi 
neers, National Aeronautic Meeting and 
Missiles and Aircraft Engineering Display, 
Commodore Hotel, New York 


5-7 . . . . Institute of Environmental 
Sciences, Annual Meeting and Equipment 
Exposition, Sheraton Park Hotel, Wash 
ington, DC 


American Society of Lubri- 
cation Engineers, Annual Meeting and 
Exhibit, Bellevue-Stratford Hotel, Phila- 
delphia 


20-21... . Society of the Plastics In- 
dustry, 18th Annual Western Section Con 
ference, Hotel del Coronado, Coronado, 
Calif 

For a listing of addresses of societies and 


associations send 25¢ to Product Engi- 
neering Reader Service Dept, 330 W 42nd 





WALDRON 
High 
Misalignment 
Series “X" 


ee eee 





COUPLING 
SIZE P.M. A 


MAX. BORE| MAX. BORE 
RIGID HUB | GEAR HUB Cc 





114X 3 1% 


3% 





2x 2" 


4/2 2% 





2'Ax 2% 


5% 3% 2% 2% 





6''A2 





12 

26 

3x 50 3% 
3'6x 86 4 


7% 5 3% 3% 





ae 130 44 


8742 5% 

















4'Ax 210 5% 


9% | 6 4%, 4% 























The Series X coupling is specifically de- 
signed for transmission of power in ap- 
plications where shaft misalignment is 
too great to be handled by a standard 
gear coupling. 

Each coupling assembly has two rigid 
hubs, mounted on drive shaft and driven 
shaft, each connected to a one piece 
sleeve by a spline used for driving pur- 
poses only. This spline extends only a 
portion of the hub length, and the re- 
maining length of the hub is a turned 
surface which fits snugly into the counter- 
bore in the sleeve to provide a suitable 
bearing surface. These two sleeves are 
connected by a floating shaft on both 
ends of which are mounted flexible hubs 


Write for Catalog 


WALDRON \\)) |} oublings 
= dil 


BOX 791, 
SALES REPRESENTATIVES FROM COAST TO COAST 


with gear teeth of unique design which 
permits misalignment up to 5°. 

Series X couplings are easy to dis- 
mantle and reassemble. By backing off 
the set screws, the sleeves can be disen- 
gaged from the rigid and flexible hubs. 
Specially designed seals and steel pro- 
tecting rings are held in place in the 
sleeves with Spirolox rings. End portions 
of the gear hubs are tapered for easy 
reentry of the seal in reassembly. 

All load carrying parts are machined 
from high strength alloy steel. Floating 
shafts to customer specifications have 
nylon plugs inserted in each end to limit 
axial float and to prevent damage to 
the lathe centers of the roll shofts. 


WALDRON-HARTIG DIVISION 


MIDLAND-ROSS CORPORATION 
NEW BRUNSWICK, N. J. 


St, NY 36. Ask for brochure R 32. CIRCLE 29 ON READER SERVICE CARD 


PRODUCT ENGINEERING - MARCH 27, 1961 CIRCLE 30 READER SERVICE CARD-—> 











UNIT 
SIZE 


1073 
1153 
203) 
2073 
2153 
3073 
315) 
407) 
4153 
5073 


me 
» 


xxxxxx xb 
xxx xx MK 
x uM EO Me Ow OE 
=x = ee 
xxxxuxu me em & 
xxxx xm MK OM OM 


bad 


Ask for Bulletin 7100 


. FLANGE MOUNTED DRIVES 


SIZE RATIOS BACK- MOTOR 
; 24* STOP MOUNT 


—_ 
be 


10743 
1953 
2034 
2074 
2153 
3073 
3153 
4075 
4153 
5073 


xx xxx xx & 
x<xxxxx =x Mw x 
xx x «x MK KK OM 
xx xxx *M MMM OK 
xxx MMM RM 


Ya to 125 hp. Up to 100,000 Ib-in. torque % 20:1 ratio for sizes 107 and 115 Ya to 125 hp. Up to 100,000 Ib-in. 


Adaptebility of all these 
three types of Falk Drives for use with Equi-Poised 
Motor Mount. This feature reduces costs of engi- 
neering and constructing motor bases and 
foundations. 


Interchangeable rotating 
elements size-for-size between Shaft and Flange 
Mounted Drives or Screw Conveyor Drives. This 
feature simplifies stocking and maintenance for 
large users. 








UNIT 
SIZE 


1073 
1153 
2034 
2073 
215) 
3074 
3153 
4073 
415J 
5075 





\ \ 





Ask for Bulletin 7106 


SCREW CONVEYOR DRIVES 


24* MOUNT 


_ 
be 


xx xx x x K A 
xx x umm KK 
xx KKM KK 
xx uM MMM RK OM 


Ya to 40 hp. Up to 44,000 Ib-in. torque 


Single helical gears used 


in all sizes and types—they provide maxi- 
mum (982%) efficiency per gear mesh. 


FALK is a registered trademork 


"Nis 2 LARGER SIZES 


OF SHAFT MOUNTED DRIVES — 415-507 
Falk-designed and Falk-built for higher torque re- 
quirements, these all-steel, helical gear reducers 
are available in Shaft and Flange Mounted Drive 
design. 


TWO RATIOS, 15:1 and 25:1 
HORSEPOWER RATINGS TO 125 
TORQUE RATINGS TO 100,000 LB-IN. 


Ask for Bulletin 7100.1 (Shaft and Flange Mounted 
Drives) or for Bulletin 7106.1 (Screw Conveyor Drives). 


THE FALK CORPORATION 
MILWAUKEE 1, WISCONSIN 


Manvfacturers of Quality Gear Drives and Flexible Shaft Couplings 
Representatives and Distributors in most principal cities 


A POINT TO PONDER... when you need gear drives or shaft 
couplings of "FALK OR EQUAL” quality, where but from Falk 
can you get the “OR EQUAL"? 





KENNERTIUM* 


.».a New alloy 
50% heavier than lead 


Both blocks on the scales weigh the 
same. However, the lead block on the 
right occupies 50% more space than 
the cube of Kennertium at the left. 


Usually, when high density or con- 
centrated mass is desirable . . . small 
volume is, too. Ballasts and counter- 
weights for missiles and jet aircraft, 
for example, must often fit very small 
areas. For these and many similar 
applications, Kennertium—a special 
blending of tungsten and other ele- 
ments—is now being used. 

In the above photograph, the block 
on the left is Kennertium . . . the one 
on the right is lead. For equal volume, 
Kennertium provides 50% more 
weight than lead. The high specific 
gravity of the material makes it par- 
ticularly suitable for counterweights 
on the wings and empennage of air- 
craft (below right). 


Used as a radiation shielding ma- 
terial, Kennertium (containing over 
90% tungsten) is more effective than 
other materials. 

Still another use is for high rota- 
tional inertia . . . such applications 
as gyroscopic rotors and torsional 
vibration dampeners. 

The piece shown above left indi- 
cates the excellent machinability of 
Kennertium. It also has high malle- 
ability (10% elongation) at high ten- 
sile strength (115,000 psi). For more 
information, send for Kennertium 
Properties Booklet. KENNAMETAL, 
Inc., Department PE, Latrobe, 
Pennsylvania. 


*Trademark 34227 


<P> Keiser 
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For Your INFORMATION (persona!) 


Kidding the Space Age 


Two little booklets whose only aim is an engineered chuckle are being offered 
by Audio Devices Inc. They're cartoon collections (samples below); about 24 
pages each; one published last year, the other brand-new. The title: “Studies 
in Space Age Psychology.” Copies are free of charge from AD, 444 Madison 


Ave., New York 22. 
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Sailor’s Dozen 


Eleven new products to tempt the sailing gentry are being introduced this 
spring by DuPont. Ten are cleaning and engine-care materials; the eleventh, a 
new urethane caulking compound. 

In the group are three new sponges (there are already four in DuPont’s “7 
Seas” line), an engine cleaner, a boat-bottom cleaner, a fiberglass cleaner, and a 
collection of waxes and polishes. 

The caulking compound, DuPont says, will retain its elasticity for six years 
at least, and stands temperatures from minus 75 to plus 150 F. This soft 
composition can be applied by gun or knife, dries in 24 hr and self-cures in 
about a week. 

They'll all be in national distribution at prices from $1 to $2 for the cleaners 
and king-size sponges; $45/gal. for the caulking composition. 
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Lots of Lights 


If one of those miniature 
lamps on your car blows, 
don’t worry—just be sure you 
have these little kits on hand. 
One 6-v and one 12-v set 
includes lamps that “meet the 
safety lighting requirements 
of practically all cars.” They 
might come in handy in the 
lab, too—they’re among the 
most popular of the minia- 
ture lamps used for instru- 
ment and pilot lights (see 
PE—July 18 ’60, p 57). The 
kit is by Westinghouse; the 
photo from Eastman Chemi- 
cal Products. —ARG 
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A complete aR 
new “family” of “* a 
motor starters by i | 
ALLEN-B RADLEY 


producers of 
“Quality” Motor Control 














SIZE 4 
Form 3P 


Note the 
“family” 
likeness and 
aristocratic 
appearance 
of all 
enclosures. 


aati : 
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Greatest advance in motor 


PLUS VALUES OF THESE NEW STARTERS Thirty years of experience have gone into 
i I lr the design of this new Allen-Bradley line of 


motor starters. While retaining the principle of 
e smaller size the simple solenoid design—with only ONE mov- 
ing part—everything about these Bulletin 709 
e grea rrupting c it app 5 ape 
ter inte P Ss Spa, They’re small—especially in the higher ratings. 
. Yet, size for size, all tests have proved that they 
bes even more millions of ’ will outlast any starter now on the market 
trouble free operations —many times. 

Sas The mew, patented, high-efficiency magnet— 
remarkably powerful for its weight and size—is 
cushioned to reduce shock and wear. The new 

“Fy P coil is encapsulated for mechanical protection, 

oe gant styling 55 and cannot be damaged by any corrosive atmos- 

Cee all Poe ae phere in which it may be used. The new pre- 

8 A-b “quality” thro Ce) cision hot molded arc hood confines the arc and 
yi alin s : _»__ imereases the interrupting capacity. 


ey 
ies; 


fore wiring room 























-control...in 30 years! 


New weld-resistant, cadmium oxide silver con- 
tacts close and seat firmly, eliminating the sliding 
motion that causes wear. The overload relays 
are also mew and are not only completely trip- 
free but also tamperproof. Of course, they were 
designed to use the old Bulletin 709 heating ele- 
ments you have in stock. 

Brooks Stevens is responsible for the smart 
cabinet design —a distinct sales asset on any type 
of installation. Better write today for more in- 
formation on this revolutionary mew line of 
Allen-Bradley Bulletin 709 quality motor starters. 


THESE NEW BULLETIN 709 
ACROSS-THE-LINE SOLENOID 
STARTERS ASSURE YOU SUPERIOR 
PERFORMANCE IN YOUR TOUGHEST 
MOTOR CONTROL APPLICATIONS. 








Note, also, the ‘‘family’’ likeness of all open 


type starters. Imagine the beautiful ‘special 
+. , panel’’ engineering that can be done with this 
®, A-B family of starters, contactors, and relays. 


- 





CHECK THE “NEW’ WITH THE “OLD” 
BULLETIN 709 
SPACE-SAVING DIMENSIONS 


The wiring room in the 
new enclosure will de- 
light the electrician. 


TOTAL OVER-ALL DIMENSIONS 
STARTERS NEMA 1 ENCLOSURES 
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ALLEN -BRADLEY 


Member of NEMA 


Quality Motor Control 






Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wisconsin 


When a six-pound aluminum ski takes a 10-G load... 











When a 6-pound ski 
takes a 10-G load . . 





NONSPARKING PROPERTIES 


Talk about strength-weight problems! When a 
husky skier whistles into a tight turn, he puts a 
surge load of 10-G’s or more on a single leg. To 
stand loads like this, a ski must be strong enough 
at the footpad to support a ton. At the same time, 
the ski can’t weigh more than five or six pounds. 
Head Ski Company was the first ski manufac- 
turer to exploit the gifts of the strongest aluminum 
alloy made—an Alcoa development. Springy, lively 
aluminum alloy and Head’s mastery of design make 
possible a sandwich construction which places the 
elastic, strength-carrying material at the surface, as 
far as possible from the neutral axis. Lightweight 


MACHINABILITY 


that’s Alcoa Total Ability at work! 


core material in between carries shear loads. Head 
skis won’t twist in action like a wood ski, won't 
warp, dry out, deteriorate, lose camber or life or 
resilience or strength. 

No one knows more about aluminum sheet and 
plate—nor makes more alloys, tempers, finishes, 
widths, thicknesses (even tapered)—than Alcoa. 
Alcoa Total Ability includes working with your 
people from the design stage to the finished product, 
with significant contributions all along the way. 
Let us prove it. Simply contact your nearest Alcoa 
sales office, or write Aluminum Company of Amer- 
ica, 857-C, Alcoa Building, Pittsburgh 19, Pa. 


ALCOA ALUMINUM 


SHEET AND PLATE 


REFLECTIVITY 





WEL DABILITY 


FINISH AR 
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TEXTURE STRENGTH-WEIGHT RATIO 





CORROSION RESISTANCE 








Wood’s specialization provides 
the right drive to solve your 
belted transmission problems .. . 


. .. particularly if your problems involve horsepower, high, low or variable speeds, 
drive efficiency, space, economy or availability. 

This is because Wood’s people are specialists in the production, selection and 
application of all basic types of belted drives. 

We are able to provide the right drive for a specific application because we 
manufacture all of the basic types. So, drive problems can be solved by Wood’s 
fast and economically. 

To the breadth of Wood’s belted power transmission line, add depth of engineering 
and manufacturing experience (104 years, to be specific). This depth of experience 
is another element of specialization that enables Wood’s to offer not only unique 
product advantages, but consistently high performance as well. 

This is Wood’s stock in trade . . . supplying the right answers to belted power 
transmission problems from a broad line of Ultra-V Drives... Variable Speed 
Drives (Motion and Stationary Control) .. . Timing Belt Drives . . . Flat Belt Drives. 


Send for your 


copy of T. B. WOOD’S SONS COMPANY 


BULLETIN ; CHAMBERSBURG, PENNSYLVANIA 
23103. ATLANTA * CAMBRIDGE * CHICAGO + CLEVELAND + DALLAS 


61/161 
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Are your bookkeepers better equipped 
_ than your engineers or draftsmen? 


You certainly want your bookkeeping department 

to have the latest equipment to maintain accuracy and 
output—but your highly trained professional 
engineers or draftsmen need today’s tools, too—for the 
high production efficiency you've a right to expect. 
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Your draftsmen, your productivity, deserve 
new Hamilton space- and time-saving 


equipment from Ridgway’s 


Inefficient, obsolete equipment in your drafting department 
may be stealing dollars from you every working day! Top 
professional draftsmen work better, work smarter, make 
fewer errors when they use premium-quality Hamilton equip- 
ment. Boosts morale, too! Watch your top men respond to 
the professional challenge of smart modern Hamilton units 
engineered to fit your needs. Learn why thousands of firms 
have selected Hamilton year after year . . . call our designers 
for planning help without obligation, of course. 


HAMILTON L-CONTOUR TABLE Sturdy, counter- 
balanced drawing surface travels full 20’—permitting 
frequent position change, greatly reducing fatigue—quickly 
adjusted to individual requirements for each individual job. 
Board completely stable in all positions, horizontal to 
vertical. Modular construction permits arrangements to 
suit specific needs — right or left reference desk position 
optional. Ruggedly made, durably finished with long-life 
drawing and reference surfaces. 








Hamilton Unit System Files 

Provide full protection, ee and 
classification for all materials to be filed. 
Occupy minimum floor space. 


ee ee 





Hamilton Auto-Shift Table 

Built-in mechanism adjusts board to in- 
dividual height and slope requirements, 
provides full — reduces errors. 


le — 


Hamilton CL 100 Drafting Table 
Conserves dollars, yet rugged canted-leg 
design provides modern styling and | 


convenience with long-term durability. 


Rigen i There's a Ridgway’'s near you. 


in HOUSTON, Texas 
615 Caroline 
3800 Greenbriar 


in DALLAS, Texas 


in AUSTIN, Texas 
309 W, 10th Street 
in CORPUS CHRISTI, Texas 


516 Lawrence Petroleum Tower 
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933 N. Central Expressway 
933 Republic National Bank 
Bank of the Southwest Arcade in NEW ORLEANS, La. 
433 Dryades Street 
in SHREVEPORT, 
719 Marshall Street 


in TULSA, Okla. 
701 S. Cincinnati 
5925 East 15th 
in JACKSON, Miss. 
103 East Pearl 
La. in IRVINGTON, N. J. 
1206-16 Grove Street 
Building 


Ridgway's Dealers Coast-To-Coast 


in CHICAGO, III. 
10130 Franklin Avenue 
Franklin Park 

in DENVER, Colo. 
1522 Glenarm Place 

in LOS ANGELES, Calif. 
590 So. Monterey Pass Road 
Monterey Park 


in NEW YORK, N. Y. 
110 W. 42nd Street 
216 E. 49th Street 


in FORT WORTH, Texas 
309 Main Street 
3312 Fairfield 
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Who makes YOUR decisions? 


In approaching an engineering problem, you marshal all the available 
facts, make any necessary assumptions, then test to see 
how good your assumptions are. 
This procedure is excellent for a physical problem and usually leads to 
a sound—or at least defensible—decision. Following this line of attack, thc 
man with greatest experience or knowledge should get the best result, 
because he has more background on which to base his decision. This takes 
us increasingly to the specialist in every form of technology and science, 
to the man who presumably has more facts available and can make more logical 
assumptions. We find the specialist in medicine, in law, in government, 
in foreign affairs, in economics. Indeed, it is more and more common 
to hear that our modern world is so complex that only 
specialists can run it. 
This just isn’t so. The expert serves his purpose in providing facts, 
but he may be entirely wrong as the man to make the decision. He inevitably 
will be influenced by his specialized knowledge, limited by it, so to speak. 
It’s obvious enough in medicine, where the heart specialist lays all 
our ills to the heart, the orthopedist to faulty posture, and so on. It can happen 
in engineering, too, when the materials specialist, or the process specialist, 
or the parts specialist has his say. The great problem of the specialist 
is that he may not be able to see the forest for the trees. 
Throughout recorded history, the men who made the vital decisions 
were not specialists. Alexander and Caesar were great conquerors, but 
their political backgrounds were frequently more important than their 
military ones. ‘Lee, Grant, Clausewitz, Bismarck, Ney—here were great 
military tacticians who had little political competence, and some of their 
military decisions are open to question in the light of re-examination of the facts. 
Basically, the technical components of any decision are relatively few. 
The decider often cannot judge soundly without some technical competence 
But to leap from this to the conclusion that only a trained man can 
decide a problem is to make a basic mistake. The trained man may 
have a “trained incapacity” to make a practical decision, an inability to discard 
or disregard some facts unessential to the present solution. 
Decision-making is still, as it always was, intuitive. This is abhorrent 
to the trained mind, which glorifies committee decisions based on visible, 
marshaled evidence and suspects the private, mysterious and invisible 
process of judgment in a gifted individual. We democratize decision-making— 
the majority rules—and then we wonder why the decisions are bad. 


ot seen 





BODINE MOTORS 


give you 


After Delivery Economies 


When you're specifying a fractional horsepower motor 

for your product, it’s the end cost that’s really important. 

It's what the motor costs built-into your product . . . in 

your customer's hands... operating efficiently and 

without trouble. 

Bodine Motors reduce your manufacturing costs after 

they're delivered . . . after they're built-into your prod- 

uct. Here’s why: 

1. Bodine Motors perform consistently, never fail pre- 
maturely, never require field servicing .. . (well, almost 
never!) 
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. You'll seldom encounter a reject on incoming, produc- 
tion line, or final inspections or tests. 


Bodine Motors are easy to fit-in easy to adjust. 


Bodine Motors help your product earn customer satis- 
faction and repeat sales! 


Bodine quality costs less when you figure the end-costs. 
If your product needs better motors, you're already paying 
for them. Why not have them? Be sure you get Bodine 
ADE .. . After Delivery Economies. 


Bodine Manufactures Fractional Horsepower Motors for: 


Office computing and accounting machines 
Engineering, laboratory, and research instruments 
Photographic equipment 

Musical instruments 

Electrical industrial apparatus 

Therapeutic and medical equipment 
Communication equipment 

General industrial machinery 

Metalworking machinery 

Service industry machinery 

Optical instruments 

. +. and any equipment that requires quality 
fractional horsepower electric motors. 


Detailed information on the more widely used Bodine 
Motors is contained in Bulletin S-2. Ask for your 
copy. Bodine Electric Co., 2510 West Bradley Place, 
Chicago 18, Illinois. 


BODINE 


fractional / horsepower 


MOTORS 


The power behind 
the leading products 
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ENGINEERING 


WHICH INSTRUMENT MOTOR 
for the JOB? 


ROBERT W MATTHEWS, | chief engineer When choosing a fractional or subfractional motor for 

oo et 7 necting instrument use, these factors will determine the type of 
motor you need—starting torque, response time, low-slip 
speed, exact speed, and adjustable speed range. 


For instance, if the application demands exact speed, then only 
a synchronous motor will do. If one or more of the other factors 
are critical, a glance at the bar graph below will quickly eliminate 
inappropriate motor types. Then take a closer look by turning to 
the performance table on page 44 where all types are compared in 
detail. Now you are ready to make a final choice, or to ask the 
right questions of your supplier. 


Preliminary selection 


When only one of the factors in the bar graph is critical, selection 
of a motor type is relatively simple. For example, if you need high 
starting torque, the servomotor stands out, along with several dc 
motors. You can decide right away whether you prefer ac or dc, 
depending on what’s available, or turn to the performance table and 
compare other criteria such as efficiency, braking, etc. 





Preliminary Selection Table 
Low-Slip 

( fairly constant 
speed) 


Motor 
Type 
Shaded 
pole 


Dist 
winding 


Adjustable Speed Range 
(Normal speed range, N max / Nmin) 


Starting Torque, 


% Full Load Relative Response Time 


Torque 
motor 
Servo 
motor 
(low inertia) 


Shunt 
winding 





Compound 
winding 


Series 





ac! 
| 


Printed 
circuit 


i wn i 





a. ai, i i. J. A. i i 
Good Fair Poor 100 150 200 250 300 Foir Good Excellent 
75% % full load 
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as 


1 Induction 

Shaded Pole 
2 Induction 
Distributed Windings 








induction 
Torque Motor 





Induction 
Servomotor 
(low Inertia) 





Permanent Magnet 
Synchronous (clock type) 





Hysteresis 
Synchronous Shaded Pole 





Reluctance 
Synchronous 





Hysteresis 
Synchronous 


9 Polarized 
Synchronous 


10 Inductor 
Synchronous (stepping motor) 


Excellent 











- 


oes 


#11 ‘De Shunt 





12 Dc Series 








13 De Compound 


Fair 








14 Dc Printed Circuit 











| 


Excellent 








If two or more factors are critical, choosing a motor 
may be more complicated, possibly necessitating some 
compromise. For one thing, high starting torque and low- 
slip speeds are reciprocals as a function of motor design— 
you can’t have both. The best compromise is either a 
distributed-winding ac or a shunt~wound de motor. The 
performance table will quickly eliminate one or the other. 


The performance table 


Motor types are listed in the performance table in three 
groups: induction motors, synchronous motors, and dc 
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motors. Within each group, the motors are listed in order 
of increasing cost, but no attempt is made to compare 
costs between groups, although synchronous motors are 
generally more expensive than induction motors. Dc- 
motor costs vary widely, depending on requirements of 
quality, life, and other factors. 

Two unique types are included in the table: the stepping 
motor and the printedircuit motor. The first is a specially 
constructed inductor-type synchronous motor that operates 
at very slow speed on 60 cycles, and can be stepped by 
means of a dc pulse to the proper winding. The dec printed- 
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Range 


Typical Applications 














Medium 


De in 
Winding 


35-100% 
at Full Load 





Dc in 
Winding 


Capacitor 


35—-100% 
at Full Load 


35-100% 





| 


Shorting at Full Load 


0-100% 
at Full Load 


High Capacitor 


Shorting 


Fans, Blowers, Power 





Medium Fans, Power, Dictagraphs 


Pen Drives, Valve Control 


Pen Drives 





Small: 
Large: 


Small: 
Large: 


Small: 
Large: 


Small: 
Large: 


Yes 


Chart Drives 
Chart Drives 
Chart <a 
Capstans, Turntables 


Mechanical Rectifiers, Choppers 


Low-speed Synchronous, Servo Applications 














| Small: 
| Large: 


Armature 10: 
Shorting 


0-100% 
at Full Load 


10: 1 


Small: 
Large: 


Armature 
| Shorting 


Armature Small: 


Shorting 


0-100% Yes 
at Full Load 


Armature 


Shorting 





Yes 
No 


Yes 
No 


Yes 
Large: No 


High Variable-speed Drive 


High Torque Motors 


High Variable-speed Drives 


High 


Servo Applications 





circuit motor is a patented device with a printed-circuit 
rotor. Practically any type listed in the table could be 
made with a printed-circuit rotor, but the type now on 
the market is a permanent-magnet field motor. Major ad- 
vantage is that it has extremelv low rotor inertia. 


Speed of motor. For an ac motor, speed is determined 
by rpm 120 f/p, where f is input frequency and p is 
number of poles. The number of poles is limited to eight 
because of practical construction limitations. The 60-cycle 
motors are therefore available in 2-, 4-, 6-, and 8-pole ver- 
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sions, giving speeds of 3600, 1800, 1200, and 900 rpm; 
400-cycle motors have top speed (2-pole) of about 24,000 

The de series-wound motors offer speeds from 5000 to 
15,000 rpm, whereas other tvpes of de motors have a 
normal range of 1000 to 5000 rpm. 

The best that induction or dc motors can offer in con- 
stant speed is +5%; for exact speed the synchronous motor 
must be used. 

Standard motors are available with performance charac- 
teristics as shown in the table. If your application require 
ments won't permit using a standard unit, consult your 
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OVERLOAD PERFORMANCE for the three 
groups of instrument motors 





Induction 
Distributed 
windings 


\ 





Shaded 
pole 








Torque 


Servo 
4 




















100 200 


% of rated load 





_ Series 





























100 200 


% of rated load 











Hysteresis 
shaded +—— 
pole 


























200 


o of rated load 


supplier for advice on a special motor. Following is a dis- 
cussion of each of the performance characteristics listed in 
the table. 


Voltage supply—although single-phase, 115-v, 60-cycle ac 
is always available, your application may require poly- 
phase ac, or 400-cycle ac, or de. Each of these has its 
advantages. For example, polyphase 60-cycle motors pro- 
vide easier starting; 400-cycle ac permits motors to be 
smaller, lighter, faster for same hp rating; and de provides 
precise speed control. A disadvantage shared by all three 
is that the standard 60-cycle ac must be changed, and 
this adds to cost. 

Choosing among the synchronous motors depends 
largely on cost, power needed, and other factors such as 
reversibility, torque characteristics and rotor positioning. 
When uniform rotational torque is required or the load 
has high inertia, a hysteresis synchronous motor may be 
needed. It uses cobalt rings (cylinders) and requires special 
manufacturing and heat-treating techniques. When the 
rotor shaft must assume the same relative position with 
respect to the input phase, only a polarized synchronous 
motor (the most expensive) will do. For low synchronous 
speeds (down around 75 rpm), the inductor motor can 
be used as servomotor without a gearhead. 


Maximum horsepower—although instrument motors as de- 
fined in this article have a maximum of 1/20 hp, most 
of the motors listed can exceed this level. All the induc- 
tion motors have a maximum of + hp, except the shaded 
pole which goes to $. The hysteresis and reluctance syn- 
chronous tvpes go to 3 and ¢ hp respectively. The dc’s 
all go to 3 hp. 

Torque requirements—as shown graphically in the prelim- 
inary-selection table, starting-torque capabilities vary among 
motor types. When loads require higher than normal start- 
ing torque, or when the motor type you must use (because 
of other factors) will not provide enough starting torque, 
trv a larger motor if space permits. 

Pull-up torque is important where the load builds up 
is the motor starts to rotate. An induction motor will 
carry more than 175% of rated load if the load is applied 
after the motor is up to speed, but it will not start and 
pull this load up to speed. 

Breakdown torque is important where the load is inter- 
mittent and where it is desirable to maintain momentary 
overloads without completely stalling the motor. Torque 
ind servomotors are designed to have breakdown and stall 
torques at the same point—to give the highest possible 
starting torque for the least amount of input power. Per- 
formance of the various motor types when subjected to 
overload is shown in curves at left. 


Response time--also known as time constant, response time 
is a theoretical figure of merit based on rotor inertia, 
stall torque, and no-load speed, which gives an indication 
of motor ability to come up to speed. This is extremely 
important with servomotors, which must re-position 
instantly, but is not critical for most other applications. 


Theoretical acceleration at stall—this is another figure of 
merit useful in comparing various motor types. It is the 
ratio of stall torque to rotor inertia and indicates the 
motor’s ability to follow input signal changes. 
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Contre/ 


Shading winding 


Coil 


> / 
€.) ai 
peel 


Fixed 
winding Line 


To amplifier 














WIRING DIAGRAMS of basi 


motor types Numbers refer to 








order in performance table. 

A—lInduction shaded pole: 1, 6 

B—Induction servo: 4 

C—Induction permanent-split capaci 
tor: 2, 3, 5, 7, 8, 9, 10. 

D—Induction capacitor start: 2, 3, 5, 
7, 3 3 3 

E—Dc series: 12 














Permanent 
magnet 











Dynamic braking is ability of a motor to come to an abrupt 
stop when properly energized. A dc motor will stop 
quickly when its armature is shorted and the field is energ- 
ized. Depending on size, it may be necessary to place 
some resistance in series with the armature to keep the 
shorting current to a reasonable level. Single-phase ac 
motors will stop when energized by sufficient direct cur- 
rent. Some permanent-split capacitor motors will stop 
abruptly when both windings are supplied from the same 
line (capacitor-shorted). 


A motor used for valve control or any type of critical 
positioning must be capable of dynamic braking. Many 
small motors can be dynamically braked with simple switch- 
ing because the input watts to the motor are the same 
or less than rated input. Larger motors require more 
intricate switching to remove the motor from the line 
immediately after stopping. Various starting and stopping 
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F—Dc shunt, 11. 
G—De compound, 13. 
H—Dc permanent-magnet field, 14 








cycles may require special motors because of temperature 
rise limitations of the insulation. 


Adjustable speed range—for precise speed control over a 
wide range, a dc shunt motor is unexcelled. A rheostat 
in series with the shunt field permits about a 2-to-1 change, 
while a rheostat in series with the armature will allow 
10 to 1. Series armature resistance will cause more fluctua 
tion in speed with change in load or line voltage than 
when variable voltage is applied to the armature. Small 
de motors have found increasing applications because of 
availability of static rectifiers and variable-voltage trans 
formers. The speed of de series motors can be controlled 
by varying input voltage, but speed varies widely with 
changes in load. With small permanent-split capacitor 
motors, satisfactory speed control over the range from 
rated to 35% of rated speed can be had by using rheostats 
in series or parallel with capacitor windings. The load 
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INSTRUMENT MOTORS continued 


| defines two types of reversibility. A 
be reversed while running is called a 
But one that can be reversed only 


must be fairly constant and exact speed cannot be critical. 
Servomotors normally have line voltage in the fixed wind- 
ing. Speed and direction are determined by amplifier 
output to the control winding. Shaded pole motors for 
blower applications use a series resistor to obtain speed 
control. 


Reversibility—direction of rotation of dc motors can be 
changed by reversing either armature or field windings 
with respect to each other. Permanent-magnet dc motors 
can be reversed by changing the line polarity. Small dc 
motors can be reversed while running; special circuitry is 
required for larger sizes. All shunt and series motors can 
be reversed if first allowed to come to a stop. Small dc 
motors, however, are frequently designed for maximum 
brush life and commutation in a particular direction of rota- 
tion. This is why reversibility must be specified. 

Shaded pole motors are normally made for rotation in 
one direction only. Reversibility can be achieved by special 
design and circuitry but at substantially higher cost. 

Single-phase ac motors that use a starting mechanism 
(relay or centrifugal switch) are not normally reversible 
while running. They can be connected to run in either 
direction and will reverse if allowed to stop. Special 
switching mechanisms are available to permit these motors 
to reverse while running. 

Small permanent-split capacitor motors (a 2-phase motor 
with a capacitor in one phase, and designed to operate 
from a single-phase source) can be designed with balanced 
windings to give reversibility while running. 

Polyphase motors can always be reversed if allowed to 
stop, and most small sizes are reversible while running or 
can be plugged to a stop. Size of motor and frequency of 
reversing determine whether it is possible to use a standard 
design. 


Efficiency—because the total power consumed by instru- 
ment motors is small, efficiency is seldom important. Low 
efficiency means, however, that considerable heat must be 
dissipated. This is sometimes a problem with a 2-phase 
servomotor whose reference winding is continuously ener- 


gized while the motor rotates only when there is an error 
signal. 
Other requirements 


So far, only motor operating characteristics have been 
discussed. Various other requirements should also be con- 
sidered. Again, these may be interrelated, both within 
their own group and with the performance requirement 
factors. 

Minimum size and weight are generally desirable even 
if they are not critical. Most motors can be provided for 
face- or base-mounting, horizontal or vertical, with shaft 
up or down. These conditions should not be varied in 
service, however, unless the motor is specifically designed 
for such. Mounting is usually accomplished by using 
extended-through bolts on smaller sizes, while base mount- 
ing is standard on larger sizes. Resilient mounting on 
larger sizes is often an available extra. If temperature rise 
is a problem, good physical contact between the motor and 
the mounting plate, which acts as a heat sink, should be 
maintained. 

Abnormal air pressure is normally not a consideration. 
Temperature, however, is frequently critical. It can affect 
both the life of the insulation and the bearings. For 
standard motors, total ambient temperature (ambient out- 
side the instrument case + rise above ambient in the 
case + rise above ambient in the windings) should not 
exceed 105 C. Insulations that will stand higher tempera- 
tures are available as are high-temperature lubricants. Both 
generally involve special motors, however. Standard 
lubricants permit operating ambients from —20 C to 
40 C. Extreme temperatures may require auxiliary heaters 
or fans. 

Standard motors are designed to operate in air or non- 
corrosive atmosphere—but not for direct exposure to the 
weather or to meet humidity or salt spray requirements. 
Semiprotective enciosures are usually available as extras. 

Quiet operation is sometimes important. De motors 
are inherently noisy because of their brushes and com- 
mutators, so are unacceptable for use in office machines, 
hospital equipment and similar applications. 

Because of basic design, smaller motors are impedance- 
protected, i.e. they will not burn up when stalled across 
the line. Larger sizes require special protection such as 
fuses, circuit breakers and thermostatic devices. 

Life expectancy of motors is extremely difficult to pre- 
dict. Conservatively rated, properly maintained (lubri- 
cated) motors will operate for years. Most manufacturers 
guarantee for one year only, mainly because bearing manu- 
facturers cannot guarantee their component for longer 
periods. 


For REPRINT of above article, just check 596 on one of the Reader 
Service cards bound in this issue. 


EDITOR’S NOTE: We have published 
many articles on electric motors in the 
past few years. See these recent ones 
for more details on specific aspects of 
the problem discussed above: 

How Practical Is 400-Cycle Power— 
Today? Mar 6 ’61, p 54—Compares 400- 
and 60-cycle power, especially for use 
with motors. Predicts that solid-state 
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converters will make 400-cycle power 
more available. 

Reversal of Electric Motors, Dec 5 
60, p 84—Points out which motor types 
are easy to reverse, which are not. 

Design Your Own DC Motors with 
Printed Circuit Rotors, Mar 15 59, p 
64—Authors tell how to draw up speci- 
fications for a printed-circuit motor. 


Which Fhp Motor for the Job? Jan 
19 ’59, p 76—Tells how all the types 
work; charts give applications, costs. 

Let the Load Be Your Guide When 
Selecting Polyphase Motors, Aug 18 
58, p 58—Find the correct polyphase 
motor based on torque, slip, and duty- 
cycle requirements. 

—Frank Hall 
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Soviet Compact 


Has ‘Imported’ Flavor 


Russians have copied features of several successful 
European small cars to save engineering time. The 
main “home-grown” component—the engine—has 
developed trouble that is delaying mass production. 


REAR-ENGINE; REAR-WHEEL-DRIVE CAR has four- 
wheel independent suspension, hydraulic brakes, and a 
gas heater. Independent suspension in front uses torsion 
bars connected to parallel trailing links at each wheel plus 
tubular shock absorbers. This system is used by Volks- 
wagen and the similarity of the two systems is pro- 
nounced. 

Rear springing is by coils mounted between the body 
and a box-section A-frame that provides a mount for 
the wheel bearings. Half-axles which drive rear wheels 
are pivoted at transmission to allow rear wheels to rise 
and fall. This system is identical in its essentials and con- 
struction details to the Fiat 500 and 600-series light cars. 
Other points of pronounced similarity to Fiat include the 
shift linkage plus the location and method of operating 
the choke and starter. But the most striking point of 
similarity is the body shape which, except for the extended 
motor housing at the rear and side vents, imitates the 
small Fiat closely. 

The engine, which is a new unit developed for this car, 
has proved to be the cause of delay in starting mass pro- 
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duction. Primary trouble is overheating of the lubricating 
oil—a common problem with aircooled engines. Possible 
solutions suggested by the engine producers are deeper 
oil pans and improved airflow over the engine. At capacity 
production levels—not yet reached—94% of all opera- 
tions will be automated, and each car will represent only 
39 man-hours of labor. 


pa - » + Four-passenger, 2 door sedan weighs 1430 Ib; 
rear-mounted 4-cyl, 4-cycle engine is aircooled. The 746-cc 
engine is rated 23 hp and has useful capacity of 20 hp. The 
Soviet magazine Znaniye i Sila (Knowledge and Strength) 
describing the car, complained of noisy gears, overheating 
of the oil, and excessive gas consumption. The magazine 
also noted that these deficiencies were being corrected. The 
Zaporozhets Baby is built in the Kommunar Automobile Plant 
(ZAZ Zaporozhye, Ukraine, USSR). 














Gas 


Powers 
Camera Drive 


Carbon dioxide advances the film and cocks the 


shutter while pushbuttons do the focusing. Result: this camera 


can stay at your eye through a sequence of pictures. 


THE THREE CONTROLS within fingertip reach 
simplify picture-taking. Two pushbuttons on its face 
permit focusing the camera by pressure of the index 
fingers. The interlocked pushbuttons are connected 
to the guide over which the film runs. Moving the 
guide and film rather than the lens simplifies con- 
struction by eliminating the usually complex lens 
drives and the required dust- and light-seals. 
Shutter-release and film-advance operations are 
controlled by a single lever. First % in. of lever 
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travel trips the shutter; moving the lever an addi- 
tional 4% in. actuates the film-advance drive—it moves 
the film one frame and cocks shutter for the next 
exposure. 

Exposure-setting ring is coupled to the exposure 
meter to provide correct diaphragm opening and 
shutter speed. Ring is rotated to align film-speed 
indicator and exposure-meter needle. Preselected 
shutter speed remains stationary while diaphragm 
opening is varied to achieve the correct combination. 
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FILM-ADVANCE and shutter-cocking 
motions occur after the shutter has 
been tripped for the previous picture. 
Final motion of the shutter release 
pivots crank to engage the release 
slide which operates gas pressure 
valve and bleeder valve. As spring 








pulls the re:ease slide to left, pressure 
valve is opened and bleeder valve is 
closed. The escaping CO, flows through 
pressure valve and forces piston rack 
to right. This rack drives the film- 
advance sprocket and shutter-cocking 
mechanism through an idler gear and 
pinion set. 

At end of its stroke, piston strikes 
the kickout which disengages crank 
and slide. Released slide is driven to 
the right by gas pressure on the pres 
sure valve and by the valve’s return 
spring. The bleeder valve opens, allow- 
ing gas to escape as the piston rack 
is snapped to left by its return spring. 








CO> 
cartrigge 





Pressure - release volve 


CO, cartridge 


Piercer cop 


CARTRIDGE OF CO, is loaded into base of camera, using a coin to remove and 
install the piercer cap. Before removing the old cartridge, the pressure-releasce 
valve is turned 90° to exhaust remaining gas. When hissing stops, the piercer 
cap is unscrewed and the old cartridge replaced with a new one. The pressure- 
release valve is rotated 90° to close it and the piercer cap screwed down onto 
the cartridge. Once the cartridge is pierced, the cap is locked by pressure of 
the CO, and cannot be removed as long as gas pressure remains in the chamber 
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PS . The maker calls it “the inter 
national camera” because it’s assembled 
from components produced in three 
countries. Exposure meter is produced 
in Germany; the body, optics and 
shutter come from Japan; finally, the 
CO: power unit is produced and the 
camera is assembled in the US. Each 
gas cartridge cycles approximately 6 
to 8 rolls of 20-exposure film. The 50 
mm, £/2.0 lens is coated and color 
corrected, shutter is synchronized at all 
speeds for bulbs and electronic flash 
The Graphic 35 Jet is produced by 
Graflex Inc, Rochester, NY. 





New instrument 
grades polished metal surfaces 


In this simple optical system a photocell scans light reflected from 
the sample and gives quantitative readings that are faster, 
more reliable than those obtained with subjective, visual methods. 


W H TINGLE ond F R POTTER, Aluminum Co of America, Pittsburgh 















































SAMPLE SERVES AS 
MIRROR in simple optical 
system. Because of this 
arrangement, quality of 
final image depends on 
surface characteristics of 
sample. Distinctness of 
image is measured by 
scanning the two bright 
lines formed by the second 
lens. If image is fuzzy, 
indicating a poorly finished 
sample, light will be 
scattered into the area 
between the two lines. 


The quality of a mirror-like finish on 
metal can be judged by how well it 
reflects light. A good finish gives a 
sharp, well-defined reflected image, a 
poor finish scatters light and gives a 
fuzzy, low-resolution image. This, in 
fact, is the basis for tests that have 
been used for many years. But until 
recently the tests were limited to the 
subjective kind that depend on acuity 
of the inspector’s eye and conse- 
quently offer poor repeatability. Now 
a new instrument has been developed 
to take the guesswork out of reflectiv- 
ity measurements—to permit rapid, 
simple, quantitative evaluation of pol 
ished metal surfaces. 

Called a DORI (for Distinctness 
Of Reflected Image) meter, it judges 
the quality of the reflection by sub- 
stituting a photocell for the human 
eye. The sample being tested be- 
comes a mirror in a simple optical 
system, and sharpness of the reflected 
image is measured by the photocell. 

The instrument works this way. 
Light from two narrow slits passes 
through a lens where it is converted 
to parallel rays. These rays eventually 
pass through a similar lens, converg- 
ing again to form an image of the two 
slits. Midway between the two lenses, 
the parallel rays are reflected by the 
polished surface of the sample. Dis 
tinctness of the final image depends 
on reflective qualities of the sample, 
thus on smoothness of its surface. 

Sharpness of the final image is 
evaluated by scanning it with a single 
slit, slightly smaller than the distance 
between primary slits and backed 
up by a photocell. If the image of 
the double slit is distinct, light will 
be concentrated, and the scanning slit 
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DORI meter readings 
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Visual rating 


Aluminized 
100% mirror 


will see two bright lines with very little 
light between. With a fuzzy image, 
there will be light scattered into the 
area between the slit images. 

A plot of image brightness versus 
position of scanning slit is therefore 
a curve with two peaks—one for the 
image of each primary slit. ‘The ratio 
of the height of these peaks to the 
depth of the valley between tells how 
much light has been scattered by 
the sample. For a perfect mirror, 
the ratio is 1 to 1 or 100%. Meas- 
ured this way, there need be no ad- 
justment for differences of brightness 
between samples. A highly polished 
black glass plate, which absorbs most 
of the light it receives, and an alu- 
minized front-surface mirror, which 
reflects most of the light, will both 
read 100% on the DORI meter. 

The scanning slit, besides locating 
the peaks and valleys of the image, 
also permits alignment of the sec- 
ondary optics to adjust for tilted or 
misaligned samples. The sample- 
holder is designed to prevent such 
misalignment as far as is possible. 
A cam-operated clamp with hinged 
backing plate presses the polished 
specimen against the opening in th« 
top of the instrument, with a pres- 
sure of approximately 750 Ib. This is 
sufficient to flatten curved or warped 
sheets cut from coiled strip. Then, 
small errors in alignment can be han- 
dled by moving the scanning slit. 

Results with the instrument com- 
pare well with results from visual 
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grading tests. Several different kinds 
of visual tests are in use; to get com- 
parative data, we chose a simple test 
that gives results in terms of per- 
cent and whose ratings are similar to 
those given by the DORI meter. The 
visual grading apparatus consists of 
an optical bench with a lighted Na- 
tional Bureau of Standards resolution 
chart at the front. The observer 
peers over the chart at its reflection 
in the sample, which is held in a 
movable mount in the bench. A 
string-and-pulley system permits the 
observer to pull the sample toward 
the chart until a selected pair of 
printed lines are just resolved. To 
remove variations in resolving power 
among viewers, each viewer also grades 
a front-surface mirror by the same 
method. Then, the ratio of chart-to- 
sample distance to chart-to-mirror dis- 
tance is the rating for that sample. 
As with the meter, a perfect mirror 
‘s 100%; a perfectly diffuse surface 
is 0%. 

Forty-eight samples of buffed and 
bright-dipped anodized aluminum 
sheet were ranked by both methods. 
For the visual ratings, values were the 
average rating of four viewers. An- 
alysis of visual ratings showed a 
standard deviation of 6.9% image clar- 
ity among viewer. This included vari- 
ations caysed by nonuniform finished 
and warped or bent samples; warpage 
influenced visual readings more than 
it did DORI meter measurements. 

Variation among meters, and varia- 


TWO RATING METHODS, 
DORI meter (top) and visual 
method (bottom), give same 
results. DORI reading shows 
the depth of valley between 
peaks as a percentage of 
height of the peaks. Visual 
method measures distance 
between NBS resolution chart 
and sample as a percentage 
of distance between chart and 
aluminized mirror. Lower 
photos show visual appear- 
ance of images reflected by 
respective samples. 


COMPARISON OF RESULTS 
from DORI meter and visual 
tests shows good correlation. 

In a test of 48 samples, 

judged by 4 viewers, average 
visual ratings show good 
correlation with meter readings. 
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20.4440 + «=3660~—SC=é«C 
Visual rating, % 


two readings on 

In a test of six meters 
grading 35 samples, standard devia- 
tion among meters was 1.1% image 
clarity. It is thought that difference 
in meter readings is more a function 
of nonuniformity in samples rather 
than variation in instrument calibra- 
tion. 


tion between same 


meter, is small. 


EDITOR’S NOTE: For 
face finish see: 
The Measurement of Color and Gloss, 
Feb '56, p 176—The standard tests and 
test instruments that help in specify- 
ing color and reflectivity of surface 
coatings. 
When Equipment Says It in Color, 
Sep 14 ’59, p 67—A guide to standard 
colors and color codés (in full color), 
and ratings for visibility under various 
conditions of brightness. 

—Charles J Lynch 


more on sur- 
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for better isolation of shock and vibration ... 


NEW CONSTANT-FORCE 
SPRING SYSTEMS 


Some are simply based on lever-and-spring, others on buckled-column 


combinations. They lead to glued “do-it-yourself” configurations made of 


rubber or plastics. These have improved the packaging and vibration- 


mounting of delicate instruments, and they open the way to better 


mndustrial vibration mounts. 


ERIC E UNGAR, senior engineering scientist 
KARL S PEARSONS, consultant 


Bolt Beranek and Newman Inc, Cambridge, Mass 


a spring system that provides a nearly constant restor- 
ing force for a reasonably large portion of its deflection is 
excellent for absorbing shock and vibration—whether for 
mounting heavy industrial machines or for protecting deli- 
cate instruments. ‘There are three reasons why the con- 
stant-force system is better than the familiar spring sys- 
tem with linear or almost-linear force-deflection character- 
istics: 

1. It absorbs a given amount of energy with a lower 
maximum force (or acceleration, or stress) for a given 
deflection (Fig 1). 

2. If the maximum shock intensity (or package-drop 
height) specificed in design is exceeded (when shock 
energy turns out to be higher than anticipated) the 
increase in force will not be excessive. 


Range of almost-constant 
force-deflection characteristic 


(or stress or acceleration) 


"Spring with 
constant 
restoring force 


rorce 








Deflection 


1 .. COMPARISON OF TWO SPRING SYSTEMS, each 
absorbing the same amount of energy (area under curves). 
Max force developed with constant-force spring is much 
less. This means a proportional reduction in stress or 
acceleration. The linear characteristics are typical of a 
helical spring. Most materials also exhibit linear charac- 
teristics at small deflections. 
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3. It avoids severe amplitudes at resonance, such as 
occur in linear systems. This is because the resonance 
frequency for a constantforce system varies with ampli- 
tude. Therefore, as soon as amplitudes build up, the sys- 
tem is no longer operating at resonance. 


The term “spring systems” as used here refers to mate- 
rials that are combined with levers, or cut or molded into 
a special shape, to adjust their spring characteristics. We 
employed two types of spring systems to produce constant- 
force characteristics: 


© Buckled-lever systems in which a suitable material 
or spring is compressed (or tensioned) between jointed 
levers that buckle under load. 

e Columnar systems composed of a material cut 01 
molded so as to buckle under load. 


Although we developed and tested these systems fot 
the Air Force (Air Research and Development Command, 
WADD) to improve the packaging (housing) of instru- 
ments and components in aircraft and spacecraft, the sys- 
tems should also find wide use in vibration and shock- 
mounts for industrial machinery, and other applications. 

Various configurations of the buckled-lever and col- 
umnar systems are illustrated and analyzed in the article. 
Theoretical forcedeflection equations are presented when- 
ever possible; these were found to agree fairly closely with 
actual test results. Also, comparisons are made for some 
systems on the basis of shock and vibration tests. 


Buckled levers with linear springs 


Levers that pivot to “buckle” under load can be com- 
bined with linear springs to provide constant-force char- 
acteristics over part of the deflection, Fig 2. An external 
load P applied vertically is counteracted by two linear 
springs: spring k. (a compression spring) which acts 
directly; and spring k, (an extension spring) which acts 
through a linkage. This linkage reduces the effectiveness 
of the force in k, in counteracting P as the spring deflec 
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2.. BUCKLED-LEVER SYSTEMS, (A) and (B), employ 
two linear springs: extension spring, k,, and compression 


spring, k. Dimensionless force-deflection curves of these 
systems are shown in (C). 


only the compression spring, k., opposes the load. This 


Arc tan K 











Deflection, x 


3... “TANGENT” ELASTIC MATERIALS 


have this force-deflection curve. Most elas- 
tomers and plastics show this stiffening effect. 


tion increases. (he lines in the figures represent ngid 
members, the heavy dots represent hinges, and the tiny 
semicircles, at top end of the levers in (B), denote fric- 
tionless sliding areas. 

If spring k, were removed from the system, the force 


deflection characteristics of the svstem would be 


a D ; 
- - ° (1 
lal l | (w D ) 


aaa v1 dD (7) 


D b a) /L 


where 


and where / spring (force-deflection) rate, lb/in 
P = load, lb 
a = frame length, in 
b = free length of spring i, in. 
y = deflection of the system measured from its 
initial free or stable height, /o, in 


If, in turn, spring k, is removed from the system, then 
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produces a force-deflection relation 
P = ky 2 

The force-deflection relation for the linkage with both 
springs can be obtained by adding the loads given by 
Iq (1) and (2). 

Three sets of force-deflection curves are shown in Fig 
2(C): The dashed curves are for a buckled-lever system 
with spring k, only—as defined by Eq (1); the single 
diagonal is for spring k, only—as defined by Eq (2) 
and adding the curves results in the solid-line curves for 
a system with both springs when the two springs have the 
same spring rate (k k,). The curves are for five values 
of D. It can be seen from this graph that a constant-forc« 
behavior is closely approximated if D is small; that is, 
if the spring acting in the linkage has a free length b very 
nearly equal to the linkage spacing a 


Buckled lever with resilient materials 


Although many springs behave linearly for quite large 
deflections (e.g. helical steel springs), most resilient ma 
terials tend to become stiffer with increasing strain. Rub 
bers and plastics, in either homogeneous or foam forms, 
behave linearly for small deflections, but usually develop 
very large forces at large strains. ‘The force-deflection 
characteristics for such materials have been approximated 
by R. D. Mindlin, (“Dynamics of Package Cushioning”, 
Bell Systems Journal 24, 353-461, July-Oct 1945) as being: 


. 2K 2», r 
F = tan ( - ) (3 
7 2r, 


where K = initial slope of the F — z curve, Fig 3 (equal to the 
spring rate of the material under smal! deflections 
Tm = value of deflection z where F becomes very large 


lor a uniform material sample, I’ can be interpreted a 
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SPRING SYSTEMS continued 
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4.. BUCKLED LEVERS combined with re- 
silient material (A) give wide variety of 
force-deflection characteristics (B), depend- 
ing on stiffness characteristics of the material. 


Facing sheet 
Deflection ‘4 
from s 
equilibrium 
| 





Packaged 
mass 


Rubber or 
plastic 


— Restroiners 





\ . 
Facing sheet 


stress and x as strain. But the tangent behavior of Eq (3) 
may also occur for nonuniform samples, such as _beer- 
barrel shaped ones, and the force-deflection interpretation 
is more generally useful. 

Because a sample with this “tangent” elasticity has a 
climbing force-deflection rate, and the buckled-lever link- 
age (with only spring k,) has an inherent “unstiffening” 
characteristic, the two can be combined to give a rela- 
tively flat force-deflection relation, Fig 4(A). Although 
this figure shows the tangent elastic material in compres- 
sion and the levers buckled inward, a nearly identical an- 
alysis may be applied also for materials in tension, with 
the levers buckled outward. 

The force-deflection relation for such an assembly is 


2Krm sin 0 — y/L wx 
> = -— . - 
—_ r cos % +2/L tan (3) 4(A) 


LE =~ 08 % + Vcos* % — (y/L)? + 2 (y/L) sin 6% 4(B) 


Configurations with @ < 90° are likely to produce the 
most useful results. For cos @& = 0, sin @& = 1, Eq (4) 
reduces to 


2Kzr,{1— y an 
P = bs ta’ wh y y (5) 
“* "\ 2m VT ( Pa t) - 


Curves of Eq (5) for several values of L/x,, are shown 
in Fig 4 (B). A reasonably wide and nearly flat range 
can be obtained for values of L/x,, between about 0.85 
and 0.9. 


Practical buckled-lever systems 


Many practical configurations are possible, employing 
the buckled-lever principle. One typical system, Fig 5, 
uses a resilient material such as rubber or plastic foam. 
The prismoids of the material have restrainers on the sides 
and facing sheets on the tops and bottoms. ‘lhe restrainer 
may be made of any relatively rigid material, such as sheet 
plastic. Hinging action is provided by slits or notches in 
the sheets or by inclusion of actual hinges in the form 
of flexible fabric. 


Constant-force materia/ 





5... PACKAGING MATERIAL 
or vibration mount employ the 
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buckled-lever principle: (A) 
construction details; (B) typical 


f(t) package. 
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6.. FORCE-DEFLECTION CURVES of buckled-lever sys- 
tems employing: (A) sponge rubber, (B) sponge rubber 


A force applied to the facing sheets compresses the 
assembly vertically. Simultaneously it compresses the re- 
silient material directly in the vertical direction (due to 
the facing sheets) and in the horizontal direction (duc 
to the restrainers). ‘lhe vertical compression has the 
same effect as spring k, of Fig 2(A); the horizontal com- 
pression has the same effect as spring k,. 

Results of static force-deflection measurements on one 
such configuration are shown in Fig 6(A). Deflection is 
given as percent of free height. Most test samples were 
1 in. high—therefore the deflection at, say, 60% is 0.6 in. 
Curves for the rubber filler material (acting as a solid 
without restrainers) are also included. The buckled-lever 
system can absorb a considerably greater amount of energy) 
for a given amount of deflection than can the plain sponge 
rubber. Inclusion of the restrainers changes the force- 
deflection curve to one that approaches the constant-force 
material more closely. 

The deviation of force-deflection curves from the de 
sired horizontal is to some extent caused by the fact that 
some of the filler material was subjected to large strains, 
and that the material stiffens considerably for such strains. 
Therefore, various modifications were tried; they involved 
removal of some portions of the filler material in regions 
where high strains were most likely. Fig 6(B) shows the 
effect of some of these modifications and indicates that 
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with cutouts, (C) polyurethane foam plastic, (D) tangent- 
elastic properties of rubber (loaded as in Fig 4). 


this approach can result in curves with wider and more 
nearly flat portions. 

Flatter curves can be obtained from buckled-lever con- 
figurations using polyurethane foam filler, Fig 6(C). 
Although even the plain foam exhibits a reasonably wide 
flat region, adding the restrainers increases the energy- 
absorption capabilities of the foam considerably for a 
given deflection and simultaneously widens the plateau 
region and increases the initial slope. 

Configurations using a resilient material in compres- 
sion (as previously shown in Fig 4) produced nearly flat 
force-deflection characteristics, Fig 6(D)—but with some 
construction difficulties. The resilient material buckles 
in compression unless a reasonable thickness is used. How- 
ever, the greater the thickness, the sooner the facing 
sheets make contact with the material, and the smaller 
the range of available deflections over which nearly con- 
stant force behavior is obtained. Employing the material 
in tension overcomes this buckling difficulty, but brings 
problems of fastening it to the restrainers. 

The most promising configuration with tangent-elastic 
properties is a two-way directional buckled-lever system 
using bands of rubber for the resilient effect, Fig 7(A). 
The stress-strain curves of this and several modifications 
are also illustrated in (B). 

‘The curves show an instability evidenced by the nega 
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-lever system 
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7.. ELASTIC-BAND BUCKLED-LEVER SYSTEMS— 
(A) experimental model with buckled levers in two direc- 
tions (four-lever system). (B)—force-deflection curves com- 
pare performance of two-lever and four-lever systems. 
Foam added to reduce negative slope. 


(B) 
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8.. RUBBER PLATELET-COLUMNS in (A) are designed 
to buckle under load, producing the flat-plateaus in force- 
displacement curves (B). 
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tive slope of the force-deflection curve; however, this can 
be overcome by including a material in direct compres- 
sion in the center of these configurations, as shown in (B). 
On the other hand, force<leflection curves with negative 
slopes may be useful in certain non-packaging applications 
requiring a system that gives way if a specified force is 
exceeded. 

In general, buckled-lever configurations can approxi- 
mate materials with constant restoring forces fairly well 
in many cases. However, they are subject to some prac- 
tical difhoulties—most important being the problem of 
obtaining restrainers with the proper hinging action, 
without weakening the assembly excessively. 


Buckled columns 


The elastic instability of columns under compressive 
loads is another concept that can be employed to obtain 
constant-force characteristics. A column becomes un- 
stable and buckles if the applied compression load exceeds 
a certain critical value. During the buckling that fol- 
lows, the column exerts a resisting force that is nearh 
equal to the critical force, and nearly constant, for a con 
siderable range of the deflection. 

The Euler column formula for long, slender, uniform 
compression members is 

F. = °C EA (r/L)? 
where 

F. 

E 

A 

L 


r 
C 


critical load, lb 
modulus of elasticity, Ib/in.? 
cross-sectional area of column, in.” 
column length, in. 
smallest radius of gyration of cross-section, in 
constant depending on the end restraint 
fl -if both ends are rounded or hinged 
< 4—if both ends are built-in 
between 1 and 4 otherwise. 


muuona 


0 


We verified experimentally the applicability of Eq (6) 
to rubber-like materials, and the actual trends of force- 
deflection curves. Configurations employing columns as 
the buckling elements are easily designed and built to 
provide a wide constant-force plateau. The column-plate- 
lets are so arranged as to give lateral stability, Fig 8(A). 
I'he curves in (B) compare force-<leflection performance 
of various configurations employing rubber or polyethylene 
platelets. 


SHOCK RESPONSE 


Shock-isolation characteristics of a typical buckled-lever 
material are compared to those of plain polyurethane 
foam in Fig 9(A). Results were obtained from a drop- 
test rig. As one might expect, the buckled-lever material 
is “harder” and causes greater accelerations than the plain 
foam for very small drop-heights—but is a better shock 
isolator at greater drop-heights. 

Drop-test results are also compared with those from 
static tests in (B) for materials under column loading. 
Materials in general are stiffer dynamically than statically, 
therefore it is not surprising to find that the force-deflec- 
tion curves obtained from dynamic measurements lie above 
those obtained statically. ‘The oscillations evident are a 
function of the damping inherent in the system. Greater 
damping obtained in actual use undoubtedly would re- 
duce these oscillations considerably. The curves shown 
apply only for the particular test. 
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VIBRATION RESPONSE 


Comparisons between the vibration-isolation character- 
istics Of the columnar configurations tested and those of 
two common foams, Fig 10, were obtained experimentally 
An equal thickness and volume basis was intended, but 
the softer foam could not support the static weight, and 
a greater volume of it had to be used. 

Results showed good improvement—the columnar con 
figurations reduce transmissibilities at resonance to an 
order of 2. In contrast, the heavy foam tested behaves 
virtually linearly over a considerable range, resulting in a 
relatively strong resonance. 

Compared with the heavy foam, the larger volume of 
light foam behaved nearly like the columnar materials. 
This may be ascribed to the nonlinearity inherent in this 
material. 


PACKAGE-DESIGN DETAILS 


Problems in the manufacture of columnar materials 
were relatively minor. We have had little trouble in ob- 
taining extruded or cast rubber I-bcam test samples from 
processors of commercial rubber and plastics. 

These I-beams can be cemented to facing sheets to 
make up the composite material, plus lending themselves 
to rather convenient “glue-it-yourself” application. A 
given commercial I-beam section might be rated at a 
plateau force of so many pounds per inch of length, so 
that selecting the proper length would present no diff- 
culty. To obtain a compact package, assernble various 
I-beam pieces of the proper total length in as closely 
spaced an array as possible, commensurate with the 
density of the packaged item. If no I-beam with suff- 
cient deflection capability is available, the I-beam pads 
can be placed atop cach other. Such arrays result in twicc 
(or nfold) the deflection of a single pad, with no reduc- 
tion in the plateau force. 

Rotations caused by shocks experienced when a pack- 
age is dropped can cause excessive local deflections of the 
packaging matcrials, resulting in damage to the packaged 
item. To reduce damage, the package should be designed 
so that the line of action of the resultant restoring force 
always passes through the center of gravity of the pack 
aged item. With conventional packaging materials this 
may be difficult to arrange. 
l4beams can be arranged on a given face of the package 


However, “gluc-it-vourscelf” 


envelope so that center of gravity of their restoring forces 
coincides with the projection of the center of gravity 
of the packaged item onto that face. 


For REPRINT of above article, just check 595 on one of the Reader 
Service cards bound in this issue. 


EDITOR’S NOTE: For other interesting devices and con- 
figurations which give constant or almost-constant force 
characteristics see: 

7 Applications for the Constant-force Spring, Dec 7, ’59, 
p 90—The Neg’ator spring at work in up-to-date applica- 
tions. 

Vibration Isolators with Zero Stiffness, Sep 29, '58, p 52 
—These employ springs arranged in combinations to pro- 
vide an almost-constant stiffness under shock and vibration. 

Constant-force Compression Springs, Sep ’54, p 129— De- 
tails of the Flex’ator—a compression spring with offset ends 
designed to buckle under load. 

—Nicholas Chironis 
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9 . . RESPONSE OF SYSTEMS to shocks from drop 
tests: (A)—comparison between buckled-lever system and 
plain foam, and (B) between static and dynamic column- 
loading. 
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10... ACCELERATION TRANSMISSIBILITY of various 
packaging samples. 





casting? forging? machining from solid? 


CHEAPEST WAY 


TO PRODUCE METAL PARTS 


This study shows the relationship between complexity of the 


part, quantity produced, cost of material. The data comes 


from cost estimates given by 30 companies for two representa- 


tive parts. 
HERBERT KEE, ossistant editor 


Be it’s possible to produce a metal part by casting, forging 
or machining from solid stock, the choice among these 
methods will depend on price. And cost per piece, in 
turn, depends on complexity, cost of material, and quan- 
tity produced. The relative effects of these factors, was 
the subject of a graduate thesis at Purdue University. 

The objective was to determine at what quantity various 
materials and production methods would pay. Drawings 
for two representative parts were offered to 250 companies 
with requests for quotations. Eighty companies responded: 
of these, 30 supplied complete price information which 
was used in plotting the cost curves. 

Plotting such curves is easy but they must be used 
with considerable judgment, particularly when trying to 
estimate the costs of other parts, because each shape 
presents its own production problems. However, the 
survey is basically valid because relative position of the 
curves remains the same. Fach process has a minimum 
tooling cost to write off, and this must be divided by the 
number of parts ordered. 

Two simple parts were designed for the survey. They 
are shown on the opposite page: (No. 1) a flanged bushing, 
with a volume about 7.8 cu in.; and (No. 2) a fork-shape 
part, about 0.8 cu in. Prices were requested for each in 
quantities of 100, 500, 1000, 10,000, 25,000 and 100,000 
pieces in a specific material and production process. Tool- 
ing cost was requested as a separate item. 

Results are summarized below and in the sets of curves, 
two for each part. These curves, which plot unit cost 
against quantity, show: 


Tooling portion of costs is small when quantities exceed 


60 


25,000—and the price shows little decrease from then on. 
But where tooling is expensive, unit costs levels off at 
higher quantities. For example, diecast parts show some 
decrease in costs even up to 100,000 parts. 


Casting is cheapest process for production runs. With 
a low-cost material like malleable iron, it is most economi- 
cal materials-process combination for both parts studied. 
Malleable and gray iron castings are shown by a common 
curve because tooling costs are comparable. Gray iron 
castings are usually slightly cheaper because they do not 
require the furnace-annealing given to malleable castings, 
but malleable iron parts have the higher ductility and better 
machinability. These costs are given for rough castings and 
might be offset by machining when required tolerances are 
closer than those given by sand casting. 

Ease of processing can offset materials cost. In the com- 
parison of materials for sand castings, shown in the lower 
set of curves for cach part, aluminum castings are revealed 
to be more expensive than those of brass, even though 
aluminum metal is cheaper on a volume basis. This is 
because brass is more easily cast. Similarly, brass forgings 
are often competitive with aluminum forgings on a per- 
piece basis. The cost-spread between aluminum and brass 
is less for the larger part because material cost is a higher 
proportion of the total. 


Other data from the survey but not plotted in the 
curves show: 

Cheapest method for a single part is machining from 
solid—it requires the least in tooling cost. But the tempta- 
tion to continue to machine when only several more parts 
are needed can lead into a trap because break-even point 
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between machining and casting in gray or malleable irons 
is often as low as 25 pieces. Larger complex parts that 
must be built up from several machined parts may pay 
for patterns even if quantity is as low as 2 or 3 pieces. 

For diecastings, brass is the most expensive material. 
Aluminum is cheaper here because it is readily cast under 
pressure and causes less die wear. Zinc, cheapest for the 
fork shape, was more expensive than aluminum or mag- 
nesium for the flanged bushing because of the larger 
volume of metal and the higher cost of zinc on a volume 
basis. 

Permanent-mold casting was cheaper for the flanged 
bushing than casting in sand. For hollow shapes, the 
permanent mold eliminates need for an expendable sand 
core for each casting. On the other hand, permanent molds 
offered no advantage for the fork shape because it requires 
no core. 

Complexity of shape shifts costs to manufacturing. This 
is because the difference in costs of these common materials 
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is small (10 to 30 cents per Ib). But the cost of larger 
parts reflects a higher percentage of cost of the materials. 


EDITOR’S NOTE: Other articles on production economics 
and cost estimates: 

Estimating Costs of Hi-temp Parts, Feb 1 ’60, p 58—A 
handy chart guide for 16 high-temperature alloys. It takes 
in complexity of the part and method of manufacture. 

Cutting Costs on Prototypes and Small Lots, Mar ‘56, p 
169—How to reduce costs without restricting design or 
compromising on standards. 

Engineering Economics, Feb ‘55, p 187—-Competition calls 
for better methods to evaluate technical effort in terms of 
dollar return. 

Breakeven Charts, Aug ’53, p 170—You can use them to 
determine whether the product should be made. 

A Simple Approach to Cost Estimating, July '53, p 178— 
How to determine manufacturing costs of a product still in 
early stages of design. This method can be easily devel- 
oped from records of any company. 

Cost-estimating Principles and Practices, Mid-Oct '52, 
p A-2—Fundamentals of estimating cost of parts, with 
examples. 
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nomograph finds 


LIQUID VOLUME IN ELLIPSOIDAL TANKS 


It solves for special versions and a sphere as well as for the pure ellipsoid. 


CDR S R HELLER JR, USN 
Portsmouth Naval Shipyard 
Portsmouth, NH 


AAI! tanks aren’t cylinders. And many tanks with 
cylindrical sides have dished ends. Most of these 
odd-shape tanks are ellipsoids of one sort or another. 
Calibrating a sounding rod or gage for one of them 
takes sets of repetitive calculations. The nomograph 
at right finds volume of liquid in a partly filled ellip- 
soidal tank, solving the equation: 
V = a LWH (d/H)? [1 — ¢ (d/H)]/2 

Since the equation is for a general ellipsoid, the 

nomograph applies to several kinds of tanks. 


Pure ellipsoids 


Here, the horizontal and vertical cross-sections are 
both ellipses. 





” L 


rw 


Example: A pure ellipsoid tank has a height of 200 in.; 
length, 25 in.; width, 150 in. When filled to a depth 
of 160 in., how much liquid does it hold? 

Solution: (1) Draw a line from L = 25 on the left 
scale to W = 150 on the center scale. (2) Draw a 
second line from H = 200 on the left scale through 
the intersection of the first line with the index line 
to the center scale. (3) Then connect the arrow- 
head on the center scale to d/H = 160/200 = 0.8 on 
the right scale. (4) Finally, draw a line from the 
intersection of the second line with the center scale, 
through the intersection of the third line with the 
index line, to the answer on the right scale, volume 
V = 1523 gal. 


Dished ends 
wet, ee 
4 \ 


) 














d=Depth of liquid, in. 
H=Height of tank, in. 
L=Length of tank, in. 

=Volume of liquid in tank, gal. 
W=Width of tank, in. 


If the ends of a horizontal cylindrical tank are 
hemiellipsoids, then the two ends together make a full 
cllipsoid. Simply add the volume of liquid held in the 
cylindrical portion to that held in the ellipsoid. 

When a hemiellipsoid is the bottom of a vertical 
cylindrical tank, consider it an ordinary ellipsoid until 
liquid rises into the cylinder. When liquid level rises 
into the top section, find volume of empty portion 
of the ellipsoidal end and subtract from volume of the 
full tank. 


Special ellipsoids 


An oblate spheroid is a flattened sphere. Find vol 
ume in usual way, remembering that length L equals 
width W, and height H is less than either. 


\ J 
NS 
sag 


spheroid 


A prolate spheroid is longer vertically than a perfect 
sphere. Length and width are still equal, but height 
is greater than both. Procedure is the same as above. 

When solving for a sphere, the height, width and 
length are all equal. 


O 
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SIGNIFICANT COMPONENTS 
MATERIALS, PROCESSES 


Vapor-contaminant filter . . . 
for use with air, nitrogen, oxygen and similar gaseous matter in pressure lines, is 
designed primarily as an in-line filter, working in conjunction with main, heavy-duty 
filter. Five-in.-long unit consists of reusable dessicant filter encased in a plastic shell, 
with molded vinyl tubing, 4 in. long on receiving end and 44 in. long on other end. 
Both ends are fitted with NPT brass fittings. Entire unit, weighing 4 Ib, is encased in 
aluminum shell. Operating pressure is safe to 75 psi. Can be rejuvenated on a 
heated manifold at temperatures up to 120 F until such time that dessicant becomes 
saturated with oily residue. Manufactured by Servomechanisms, Inc and available 
off-the-shelf from A Biederman Inc, 1045 Air Way, Glendale, Calif. 

Circle 300 on Reader Service Card 


Molded circuit board .. . 
is a 2-sided circuit with electroplated conductors in recessed grooves and contoured 
holes. Molded of any number of plastic materials, circuit reportedly has 30% higher 
current-carrying capacity than standard etched conductors of same thickness. A 4-in.- 
wide conductor handles up to 100 amp. Recessed channels and hourglass-shaped 
holes are incorporated in molding process, eliminating need for piercing dies. Whole 
beard is first made conductive by applying minute copper film to board and hole 
linings. Board next is electroplated with vopper to thickness specified and lead-tin 
then is electroplated over copper. Possibility of discontinuity is said to be eliminated 
by fact that conductors and hole lining form one continuous, even layer of electro- 
plated copper and solder. Physical and electrical properties are determined by base 
molding material specified. ‘Two-sided circuitry available at sq in. cost comparable to 
single-sided etched circuitry. Delivery in 4 to 8 wk, depending upon molds complexity. 
Machined prototypes available in 72 hr. Combined Electronics Inc, Cicero, Il. 

Circle 301 on Reader Service Card 


Underwater transducer 
operates at up to 60-psi water pressure and over a frequency range from 10 to 10,000 
cycles per sec. Below resonance, its response is a constant —82 db; reference, | v pe 
microbar (—90 db into 60 ft of coaxial cable). Unit is substantially nondirectional 
over its normal frequency range and can be used as a transmitter as well as a receiver. 
Converts sound energy to electrical energy as sound acts on two pistons which drive a 
pile up of piezoelectric disks. Reproducible performance makes unit suitable for array 
design and permits circuit standardization. With 60 ft of cable, device weighs 11 oz 
in brass piston design, 9 oz with aluminum pistons. Measures 1} in. in dia and 4 in. 
thick. Sample quantities are priced at $24 each. Delivery within 30 days. Clevite 
Ordnance Div, Clevite Corp, 540 E 105th St, Cleveland. 

Circle 302 on Reader Service Card 
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Black adhesive coating .. . 
for metals, glass, some plastics and most 
porous materials, conducts away static 
charges. Each coat of the synthetic- 
tubber-base adhesive produces approx 2 
mil thickness of static-conducting surface. 
Applied by brushing, elastic coating re- 
sists oil, gasoline, water, heat and cold. 
Corrosion-resistant coating can be obtained 
by applying two or more brush coats, 
allowing about | hr drying time between 
coats. One gal provides one-coat cover 
for approx 200 sq ft. Reportedly becomes 
progressively tougher and more heat re- 
sistant over period of months. Available 
from stock in medium brush viscosity at 
$6.25 per gal in 1-gal quantities; $6 per 
gal in 5-gal quantities; and $5.75 pez 
gal in 54-gal drums. Schwartz Chemical 
Co Inc, 50-01 2nd St, Long Island City 1, 
NY. 

Circle 303 on Reader Service Card 


Rotary-tap switches .. . 
have terminal boards mounted on sides 
for easier wiring. Available with one, two 
or three boards mounted on each deck, 
with wiring completed during assembly 
of switches. Supplied in either paper- 
or glass-base epoxy, units have knee- 
action rotors and solid-silver alloy con- 
tacts and slip rings. Daven Co, Livingston, 
NJ. 

Circle 304 on Reader Service Card 


Metal-to-metal adhesive . . . 

is dry (100% solids) modified epoxy resin 
system that contains no solvent or cloth- 
type carrier. Requires no priming agent 
on metal or honeycomb core faying sur- 
faces to effect a strong bond. Sheet of dry 
film can be cut to shape and interposed 
directly between metal surfaces, to be 
bonded. Cures in approx 1 br at 350 F 
and needs no post cure. Supplied in 18-in. 
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wide continuous rolls weighing approx 
0.055 Ib per sq ft, adhesive produces a 
glue line with an average thickness of 
0.005 in. Additional plies can be used 
for extra strength and merge into single 
homogeneous layer during cure cycle. Ma 
terial has shear strength of 6500 psi at 
room temperature and at —67 F. At 
170 F its shear strength is 3100 psi. 
Narmco Materials, Div of Narmco In- 
dustries Inc, 600 Victoria St, Costa Mesa, 
Calif. 

Circle 305 on Reader Service Card 


Flywheel power-takeoff unit 
delivers 200 hp directly from engines 
rated up to 400 hp. Heavy-duty unit 
mounts independently between engine 
flywheel and master clutch, and power can 
be taken off even when clutch is dis 
engaged. Straight-through shaft trans 
mits engine power to master clutch and 
transmission, whereupon three helical gears 
deliver power from main shaft to power 
takeoff output shaft. The 12}-in. long 
PTO can be adapted to any gasoline or 
diesel engine. Standard mounting—front 
and rear—is provided by SAE Nos 1 and 2 
housing. Speed ratio of standard model is 
1.24:1. Rotation at 30° increments posi- 
tions unit for specific jobs. Delivery in 3 
to 4 wk. Cotta Transmission Co, Rock- 
ford, Tl. 

Circle 306 on Reader Service Card 


Miniature torque pickup . . . 

for measurements in the in-oz area, has 
readings from stall to 20,000 rpm. Five 
models are available in full scale capacities 
of from 50 to 1000 in.-oz at $% accuracy. 
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Can be used with belt or gear drives. 
Brush holder and lifter is single assembly 
that can be changed by removing two 
screws. Lebow Associates Inc, 14857 W 
Eleven Mile Rd, Oak Park 37, Mich. 
Circle 307 on Reader Service Card 


Medium-impact phenolic . . . 
is two-step, cellulose-reinforced compound 
which can be compression-, transfer- or 
plunger-molded, and is suitable for use in 
all types of automatic molding equipment. 
Molds to a lustrous, black finish with 
following properties: bulk factor, 2.8 to 1; 
impact strength, min 0.4 ft Ib per in. of 
notch; flexural strength, min 11,000 psi; 
tensile strength, min 8000 psi, water ab 
sorption rate, 0.5%; and short-time di 
electric strength, min 300 vpm. Rogers 
Corp, Rogers, Conn. 

Circle 308 on Reader Service Card 


Multiple manifold sub-base 
can be used individually or ganged to per 
mit mounting of up to ten 4-in., 4-way, 
plug-in valves. Has common inlet and 
exhaust ports and built-in plug connector 
which complete electrical connections au- 
tomatically. Made of cast aluminum, unit 
is available with cylinder ports tapped 4 
or 3 in. NPT for side or bottom connec 
tion. Common inlet and exhaust ports 
are tapped 1 in. NPT. Bellows-Valvair, 
Div of IBEC, 454 Morgan Ave, Akron 11, 
Ohio. 

Circle 309 on Reader Service Card 


Filter-screen trap .. . 
consists of l-in.-dia stainless steel tube 
shape magnet enclosed in 2-in.dia per 
forated bronze filter screen with eithe: 
0.020 or 0.030-in. dia holes. Both are 
housed in bronze casting rated for 350 Ib 
pressure which has 2-in. pipe thread 
inlet and outlet. Permits oil to be passed 
over magnet first and then through filter 
or vice versa. Priced at approx $100 
Briez Mfg Co, 1945 Grove Dr, Erie, 
Penna. 

Circle 310 on Reader Service Card 


Panel fastener . . . 
has two parts—molded plastic grommet 
and plunger—both of which remain cap 
tive in removable panels, doors, drawer 
fronts and other sections. Fastener is 
installed by placing grommet into stand- 
ard drilled hole and inserting plunger 
within grommet. Assembly in the fixed 
panel then is placed against panel to 
which it is to be connected As holes 
line up (grommet floats for misalignment 
of holes), pressure on plunger expands 
fingers of grommet through hole, making 
grommet on the inside a greater diameter 
than hole itself. Retracting plunger col 
lapses fingers and allows fastener to be 
removed. Single size fastener accommo 
dates wide range of thicknesses to be 
fastened together. Hartwell Corp, 9035 
Venice Blvd, Los Angeles 34. 

Circle 311 on Reader Service Card 


Flow-regulating valve 

is said to provide extremely fine adjust 
ment in low flow Flow 
from zero to only about 10% of potential 


ranges increases 


during first 360° rotation of valve ad 


justing sleeve, while successive rotations 
of the 


approx 30, 65 and 


volumes of 
Valve’s in 


sleeve produce flow 
100% 
ternal design permits flow equal to full 
Knife-edg« 
distortion 
working 


pipe area in both directions 


variable orifice reduces flow 


caused by viscosity changes in 


1 


medium. Unit, available in }-, }-, 2- and 


}-in. pipe sizes, 


250 F range and accomodates working air 


operates in —40 to 
pressure to 250 psi and oil pressure to 
1000 psi. Has no internal springs and is 
said to be rustproof. Mead Specialties Co, 
4114 N Knox Ave, Chicago 41. 

Circle 312 on Reader Service Card 


Spring-loaded panel fastener 
automatically pops into fu. retraction 
when disengaged. Remains in that posi- 
tion, providing clearance for panels to 
move laterally. Special stand-off, flanged 
into door or chassis panel, holds screw 


Available in seven thread sizes 
continued on page 66 


assembly 
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Char-Lynn 


“ORBITROL., 


PROVIDES 


without 





Patent No. 2,821,171 


The New ORBITROL is a completely integrated fluid steering con- 
trol system that eliminates steering gear boxes and mechanical 
linkages to the axle. 

Only ORBITROL provides remote rotary servo control with sensory 
direction and delivery measurement within the same unit... the 
ideal concept for modern self-propelled vehicles. 


ORBITROL also features integral manual steering for use in 
emergency or “engine-off” conditions ... 


When live hydraulic power is not available the ORBITROL 
automatically becomes a rotary hand pump and directs fluid 
to move the actuator in either direction when the steering 
wheel is rotated. 

The ORBITROL is ideally suited for controlling conven- 
tional steering systems, multiple axles and dual control in- 
stallations. 

Contact CHAR-LYNN today... our engineers will be 
pleased to submit recommendations relative to your particular 
application or needs. 
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from 8-32 to 4-28 and three head sizes, 
with or without slots. Southco Div, 
South Chester Corp, Lester, Penna. 

Circle 313 on Reader Service Card 


Air-operated valves .. . 
for on-off use with 4-, 4-, @- and s%-in 
tubing valves, operates at pressures up to 
5000 psi. Available in both air-to-open 
and air-to-close designs and are suitable 
for systems where space is limited. Auto- 
clave Engineers Inc, 2947 W 22nd St, 
Erie, Penna. 

Circle 314 on Reader Service Card 


Tape magazine ... 
holds up to three recordings in individual 
cartridges and requires no threading. Each 
cartridge, containing 40 ft of 4-in. tape 
in random distribution, has four discrete 
tracks for prerecorded programing or in- 
formation. Standard tape, with duration 
of 2 minutes, provides from 4 to 12 mes 
sages. With modified tape, messages up 
to 4 minutes long are possible. Tape speed 
Device originally designed for 
automatic announcements to jet airline 
passengers United Data Control Inc, 
Pasadena, Calif. 

Circle 315 on Reader Service Card 


is 33 ips 


Ring sprockets .. . 
are for chains from 1.5 through 4.063 
in. pitch with diameters from 44 through 
106 in. and bore sizes from 36 through 
100 in. Include those for either weld 
ing or bolting in-place, and are available 
as solid rings or as split units with match 
markings for reassembly From stock 
American-Marietta Co, Milwaukee 1. 
Circle 316 on Reader Service Card 


Miniature indicator light .. . 
combines momentary action pushbutton 
switch with transistor circuitry and com 
plete neon indicator in single unit. Neon 
lamp is transistor-controlled from small 
signals which climinate need for high 
voltages in logic circuits. Integral switch 
has gold-plated contacts with life expec 


continued on page 70 
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It’s all there, every detail sharp and clear, in Recorpak precision 35mm microfilm images 


There’s more to these Recorpak pictures 
than meets the eye! 


posed film then is developed, according to the most 


RECORDAK precision 35mm microfilm images 
more than meet DOD requirements—give a 
minimum of 120 lines per mm resolution at 
30-to-1 reduction ratio. 

Look closely at some RecorDAk microfilm images 
in a film reader. See how every detail is sharp and 
clear how the backgrounds are remarkably 
uniform, even though the pictures you’re looking at 
were made from drawings and prints of every 
type and age. 

How do these REcorDAK pictures come out so well? 

First, the negatives are made on RECORDAK Micro- 
File Film with Recorpak Precision Microfilming 
equipment. Carefully controlled exposure techniques 
assure uniform backgrounds and contrast. The ex- 


S=RECORDPR’ 


(Subsidiary of Eastman Kodak Company) 


originator of modern microfilming 
—now in its 33rd year 


up-to-date scientific standards. 

Your staff can easily be trained in the use of ReE- 
CORDAK Micro-File equipment especially calibrated 
to produce images which meet DOD requirements. 

This is important, for your success with an auto- 
mated engineering drawing program depends mainly 
on the quality of the pictures you use, and on the 
quality of the prints you can make from them. 


Free booklet goes into more details on precision 
microfilming available through Recordak or a Micro- 
filming Dealer of Recordak. 


415 Madison Ave., New York 17, N.Y. 


Name 


Send booklet describing Recorpak Engineering Drawing 
System and name of nearest Microfilming Dealer of Recordak. 





Position 


Company 





Address. 





City Zone State. 








eeeeeeeeesse «MAIL COUPON TODAY +scceeeceeeees 
RECORDAK CORPORATION EE-3 


IN CANADA contact Recordak of Canada Lid., Toronto 
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HOWARD 


...the nation’s leading source 
for low cost universal & d.c. 


fractional H.P. motors! 


HOWARD INDUSTRIES, INC., 


Sales Offices: Festus, Mo., 1049 Front St., YE 7-3606 
Chicago crea: 576 Northwest Hwy., Des los Angeles 36, 942 S. La Brea Ave., WE 8-2444 
Plaines, lll., VA 7-6173 


us. 
New York area: 157 Broad St., Redbank, N. J., po 
Cincinnati 2, O., 1077 Celestial St., PA 1-2985 SH 1-356 Bonds 


1750 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Representatives in Principal Cities — Consult Your Classified Phone Book 


Eno ELECTRIC MOTOR CORPORATION (Ls) LOYD SCRUGGS COMPANY 


& CYCLOHM MOTOR CORPORATION 
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1/200 TO 1H.P. * HIGH SPEED * HIGH STARTING TORQUE 


Sete tetera tetetentaet aietielateiaietetediaeteeiediediatales 


MODEL 29-500 
TYPE: Universal AC/DC or Shunt. 
DIAMETER: 3-5/16. 
LENGTH: 4-11/16 to 5-19/32. 
H.P.: Continuous: Series—1/6 @ 10,000 R.P.M. 
Shunt or Compound—1/12 
Intermittent Series—1/4 @ 10,000 R.P.M. 
Shunt or Compound—1/6. 
SPEED: No Load: Series—15,000 R.P.M. 
Shunt or Compound—12,000 R.P.M. 
Full Load Speed: Series—3000 to 10,000 
R.P.M. 
Shunt or Compound—1000 to 10,000 R.P.M. 
VOLTAGES: Series—6 to 250V. AC/DC. 
Shunt or Compound—6 to 230V. DC. 
BEARINGS: Porous bronze sleeve type or grease 
sealed ball bearings. 


MODEL 243 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 2-17/32. 

LENGTH: 3-15/16. 

H.P.: Continuous Series—1/12 @ 10,000 R.P.M. 
Intermittent—1/8 @ 10,000 R.P.M. 

SPEED: Full Load Speed: 

Series—5000 to 10,000 R.P.M. 

Shunt—2000 to 7000 R.P.M. 

VOLTAGES: Series—12 to 230V. AC/DC. 
Shunt 6 to 120V. DC. 

BEARINGS: Porous bronze self aligning type 
with oil reservoir. 
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MODEL 700 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 3.800”. 

LENGTH: 5-7,/64". to 6-764". 

H.P.: Continuous: Series—1/4 @ 10,000 R.P.M 
Shunt—1/8. 

Intermittent: Series—1/2 @ 10,000 R.P.M. 
Shunt—1/4. 

SPEED: No Lood Speed: Series—18,000 R.P.M 
Shunt—2000 to 12,000 R.P.M. 
Full Load Speed: Series—5000 to 10,000 
Shunt—1000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 115V. AC DC 
Shunt—6 to 230V. DC. 

BEARINGS: Grease sealed ball bearings 


MODEL 200 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 1-11/16”. 

LENGTH: 2-11/16”. 

H.P.: Continuous Series—1/200 @ 10,000 R.P.M. 
Shunt—1/200. 

Intermittent: Series—1/75 @ 
Shunt—1/75. 

SPEED: No Load Speed: Series—15,000 R.P.M 
Shunt—15,000 R.P.M. 
Full Load Speed: Series—5000 to 10,000 

R.P._M. 

Shunt—3000 to 10,000 R.P.M. 

VOLTAGES: Series—6-115V. AC/DC. 
Shunt—6 to 32V. DC. 

BEARINGS: Grease sealed ball bearings 


10,000 R.P.M 


HOWARD INDUSTRIES, INC., 1750 STATE STREET, RACINE, 
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MODEL 1100 

TYPE: Universo! AC/DC or DC Shunt. , 

DIAMETER: 2-13/16". LENGTH: 3-9/16". 

H.P.: Continuous: Series—1/50 @ 10,000 R.P.m. | 
Shunt—1/50. f 
Intermittent: Series—1/15 @ 10,000 R.P.M. | 
Shunt—1/15. 

SPEED: No Load: Series—15,000 R.P.M. approx | 
Shunt—3500 to 12,000 R.P.M. I 
Full Load: Series—3000 to 10,000 R.P.M. , 
Shunt—2000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 230V. AC/DC. ' 
Shunt—6 to 120V. DC. 1 

BEARINGS: Porous bronze sleeve type, or 1 

Grease Sealed Ball Bearings | 


MODEL 512 

TYPE: Universal AC/DC or DC Shunt 

DIAMETER: 3-3/8". LENGTH: 4-3/4”. 

H.P.; Continuous Series—1/10 @ 10,000 R.P.M 
Shunt—1/12. 
Intermittent: Series—1/5 @ 10,000 R.P.M. 
Shunt—1/6. 

SPEED: No Load Speed: Series—15,000 R.P.M. 
Shunt—2000 to 12,000 R.P.M. 
Full Load Speed: 5000 to 10,000 R.P.M. 
Shunt: 1000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 230V. AC/DC. 
Shunt—6 to 120V. DC. 

BEARINGS: Porous bronze sleeve type 
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WISCONSIN 


Please send me complete information on: 


MODEL 243 [] M 


~ 
(] MODEL 29-500 CL] M 


LJ 


ODEL 700 
ODEL 512 


_| MODEL 200 
[] MODEL 1100 


_] SEND ME A COMPLETE HOWARD CATALOG 


(] HAVE A HOWARD REPRESENTATIVE CALL ON ME 


a 
TITLE 

COMPANY 
ADDRESS___ 

a 
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continued 


tancy of over 500,000 operations at rated 
current. Unit’s operating and tempera- 
ture storage range is —40 to 149 F at 954 
humidity. Available in 20 models to fit 
fs to $ in. and ¢& to ¥s in. panel thick 
ness. Lights mount from rear with single 
knurled nut and lock washer in 3-in. hole 
on centers as close as % in. Lens come 
in transparent red, amber or white and 
clear. Transistor Electronics Corp, 3357 
Republic Ave, Minneapolis 26. 

Circle 317 on Reader Service Card 
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Vertical speed reducers . . . 
are available in nine sizes, ranging from 
3 to 12-in. center distances. Ratios ex- 
tend from 43:1 to 95:1; ratings are frac- 
tional to 175 hp. Fan-cooled worm gear 
units have one-piece finned housings and 
incorporate dry weli around output shaft, 
extending above oil level, to prevent oil 
seepage found in reducers with downward 
shaft extensions. Cleveland Worm & 
Gear Div, Eaton Mfg Co, 3300 E 80th 
St, Cleveland 4. 

Circle 318 on Reader Service Card 


Flowmeter and filter . . . 
gives warning if filter becomes clogged. 
Light automatically appears when liquid 
flow falls below preset volume. Unit can 
be set to turn on light or to turn off 
power to equipment until filter is cleaned 
or replaced. Capital Engineering & Mfg 
Co, 5837 § Ashland Ave, Chicago 36. 
Circle 319 on Reader Service Card 


Low-pressure-sensing 


switch... 

handling a max set pressure of 7 psig, has 
a deadband of only 2 in. of water and re- 
peatable accuracy of +0.5%. Capsule- 
type sensing element reduces any change 
in pressure set point by thermal reaction 
over operating range of —65 to 300 F. 
Weighs approx 2 oz and occupies 3 cu 
in. of space. A SPDT snap action switch, 
enclosed in the cylindrical housing, can 
handle a current of 7 amp at 115/230 v 
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ac. Available with AN electrical con- 
nector, cabled leads or solder terminals. 
Pamer Electronics Co Inc, Sub of Hoke 
Inc, 1 Tenakill Park, Cresskill, NJ. 

Circle 320 on Reader Service Card 


Single-pump power units . . . 
are for 1000- and 2000-psi hydraulic 
service. Eleven of 13 models available 
can be converted to 2000-psi units by in- 
stalling additional hp motors. Have 
reservoir capacities from 15 to 60 gal and 
pump capacities to 35 gpm. Standard 
units are equipped with separate relief 
valve and incorporate 1800-rpm motor. 
Hannifin Co, Dept 126, 501 S Wolf Rd, 
Des Plaines, Il. 

Circle 321 on Reader Service Card 


High-torque servomotor .. . 
is small (1 in. long), light (0.7 oz) Size 5 
unit capable of 0.12 oz-in. torque at stall 
and 47,000 rad/sec* torque to inertia 
ratio. Operates continuously at —67 to 
257 F and has no-load speed of 9500 rpm 
min. Rotor moment of inertia is 0.18 
gm-cm*; time constant, 0.020 sec; and 
reversing time, 0.034 sec. Rated voltage 
at 400 cps is 26 v also available in 18 or 33 
v); average input current at stall, 0.08 
amp; and average input power at stall, 
1.7 w. Corrosion-resistant materials are 
used throughout. John Oster Mfg Co, 
Avionic Div, Racine, Wis. 

Circle 322 on Reader Service Card 


Firewall connectors . . . 
withstand 2000 F without losing firewall 
integrity. Have nominal 50-ohm char- 
acteristic impedance. From stock. Gre- 
mar Mfg Co Inc, Wakefield, Mass. 

Circle 323 on Reader Service Card 


Encapsulated reed relays . . . 
have electrostatic shields, made of tubular 
metallic foil, which surround their glass 
sealed switches and extend through epoxy 
encapsulation with wire lead for ground- 
ing. It is said to effectively isolate reed 
contacts from stray electrical noise or 
random pickup of unwanted signals. Re 
lays are available in 1-, 2-, 4-, 12- and 20 
pole types. Any or all poles can be 
shielded. Struthers-Dunn Inc, Pitman, 
NJ. 

Circle 324 on Reader Service Card 


Ball floats betwen valve 


seats... 
reportedly making a tighter seal as it is 
forced against downstream seat by increas 
ing pressure. Pressure at upstream scat 
then is equalized by permitting fluid to get 
behind it. Seats seal regardless of direc 
tion of flow. Valve is installed in only 
two steps. Union ends are either screwed 
or welded onto pipe ends, and one-piece 
valve body then is assembled to union 
nut. Requires no nuts, bolts or extra 
union in line. Large port opening in 
ball permits unrestricted flow, while dual 
seats eliminate all metal-to-metal contact. 
Available in stainless steel, carbon steel 
or brass and in eight sizes, $ to 2 in. 
Max pressure rating for all sizes with 
buna-N and neoprene seats is 300 psi. 
Tefion seats are rated to 600 psi for 1 
to 2-in valves and to 1000 psi for + to 
3-in. sizes. Clayton Mark & Co, 1900 
Dempster St, Evanston, IIl. 

Circle 325 on Reader Service Card 


Probe-type level control .. . 
for either high- or low-level operation, is 
self-contained and mounted directly at 


point of desired control. Suitable for use 
with plastic powders or pellets, as well as 
powdered or granular materials, semi 
liquids and liquids. Probe detects pres 
ence or absence of material through 
changes occuring in electrostatic field. 
Signal is given to control circuit, activat 
ing 2-way snap action relay which oper- 
ates filling or shutoff device. Standard 
probe length is 6 in., with longer lengths 
available on request. Requires either 110 
or 220 v power supply. Electronic Con- 
trols Div, Flo-Tronics Inc, 712 W On- 
tario St, Minneapolis. 

Circle 326 on Reader Service Card 


“Electric eye’ control... 

has dual light beams. One set of pickups 
times an inspection and another set moni 
tors it. Device can replace timers and 
mechanical contacts in monitoring objects 
moving at random positions and at vary 
ing speeds. Light beams may be direct 
light cutoff or by reflection, or a combina- 
tion of both. Both beams must concur 


continued on page 75 
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Reducing dead weight can give a product 
extra sales advantages . . . make it easier 
to handle and assemble . . . lower shipping 
and production costs. The answer: Fabri- 
cate with 3M Industrial Adhesives and 
save weight without sacrificing strength. 

In fact, 3M Adhesives often substantial- 
ly increase the strength of an assembly 
by distributing stresses evenly over a wide 
area, making lightweight, high-strength 
designs possible. And without mechanical 
fasteners that lower the integrity of the 
material and cause stress points that tear, 
fabricators can substitute lighter gauge 
materials. 

For example, 3M Adhesive EC-1357— 
only one of a complete line of strong, 
general purpose industrial adhesives— 
finds wide application in products requir- 
ing strength and light weight. It is used 
in the bonding of metal frames to veneered 
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Sculpture created especially for 3M Company by Guy Palazzola 


REATHER-LIGHT... 


3M Adhesives help take pounds off today’s metalworking products 


plywood . . . in honeycomb construction 
for table tops . . . in sandwich-type wall 
panels, where it bonds porcelain enameled 
steel to an expanded glass core. 

Backed by a quarter century of research, 
3M Technical Service is solving fabrica- 
tion problems for leading manufacturers 
in various industries. For an accurate 
appraisal of how an adhesive can add 
strength, light weight, production econ- 
omy, and greater design freedom to your 
process or product, look first to 3M. Write 
AC&S Division, 3M Company, Depart- 
ment SBS-31, St. Paul 6, Minnesota. 

© 3M Co., 1961 


What do you want to bond to what? 
The Bird is fabricated of these mate 
rials and bonded with a variety of 3M 
Adhesives 


1. Stainless Steel 2. Wood 3. Plasti 
5. B 


| 


= 
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ADHESIVES, COATINGS AND SEALERS DIVISION 
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You get MORE THAN A MOTOR with 


General Electric’s Form G...for example... 


Versatility 
Personified 


That’s an apt description of General Electric’s 
Form G fhp motor if there ever was one. It’s the 
ability to modify, to adapt, to do things differently 
...to do them your way. 

Mount it horizontally, vertically, direct or belt 
drive ... whatever each of your products requires. 
You'll find in every case that General Electric’s 
Form G motor “can do.” 

In addition to versatility, you get these MORE 
THAN A MOTOR benefits with General Electric 
Form G motors: Years-ahead Design Leadership .. . 
Expert Application Aid ... Ease of Assembly ...On- 
time Delivery ... Fast, Local Service. 





THESE FORM G MOTOR VERSATILITY FEATURES 
MEAN GREATER DESIGN FREEDOM FOR YOU 


1. MOUNTING VERSATIiLITY—Both solid and 
resilient cradle bases permit rotation of Gen- 
eral Electric Form G motors within base to 
meet your design and space requirements. 


3. FAST VOLTAGE CHANGE—Sliding plates 
on terminal boards allow change from 115 to 
230 v operation (or vice versa) in one-fifth 
the time without confusion or error. 


5. ALL-ANGLE OPERATION—All-angle sleeve 
bearing and positive oil retention system allow 
you to mount standard Form G motors in any 
position. No need for costly specials. 


2. FAST ROTATION CHANGE—No need to 
specially order motors to meet your rotation 
requirements. Just interchange two motor 
leads; reverse shaft rotation in seconds. 


4. EASY, DIRECT MOUNTING—Mount Form 
Gs directly without expensive machining or 
brackets. Close end shield tolerances allow 
mounting of motor with simple through-bolts. 


6. COMPLETE LINE—Over 850 basic models 
—and literally thousands of variations—mean 
there's a standard Form G motor to meet 
your product's exact requirements. 


tion, call your G-E Sales Engineer or write for bulle- 


You get these added values at no extra cost. So 
why settle for less? Form G fhp motors are availa- 
ble in NEMA 48 and 56 frames. For more informa- 


tin GEA-6424 to Section 721-08, General Electric 
Co., Schenectady 5, N. Y. 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 





Proper selection of constant volume 
axial piston hydraulic pumps for 
systems up to 5000 psi 


By: Ellis H. Born 


Director of Sales-Engineering 
Denison Engineering Division 
American Brake Shoe Co. 
Columbus, Ohio 


Whether to use a high pressure 
system or a low pressure system is 
perhaps the most basic decision the 
designer faces in developing the 
proper hydraulic system. This deci- 
sion involves such factors as effi- 
ciency, space requirements and, most 
important, cost. 


SPACE CONSIDERATIONS 


Furnishing fluid horsepower is the 
function of a hydraulic system. 
Horsepower yield is determined by 
multiplying system pressure (psi) 
times flow rate (gpm) times a con- 
stant of 0.000583. Application of 
this formula reveals that a 5000 psi 
system develops five times the horse- 
power of a 1000 psi system at the 
same rate of flow. Accordingly, the 
5000 psi system requires only 20% of 
the flow rate of a 1000 psi system to 
produce the same fluid horsepower. 


Reduced rate of flow permits 
designs which incorporate smaller 
valves, piping, hydraulic cylinders 
and reservoirs. Since reservoirs are 
often the largest single fluid compo- 
nent in a system, appreciable space 
savings can be realized with high 
pressure systems. If recommended 
hydraulic practice is followed, reser- 
voir capacity is three times greater 
than the gpm displacement of the 
pump. Hence, for the same amount of 


PISTON CYLINDER BARREL 


fluid horsepower, reservoir 
capacity can be reduced 

as much as 80% ina 

high pressure system. The 
high pressure system not 
only allows savings in 
space through use of 
smaller components and 
capacities, but reduces the 
weight and mass of the 
hydraulic power package as well. 


COST FACTORS 
Use of smaller components in high 
pressure systems not only saves space, 
but affords worthwhile cost reductions. 
Compact system elements cost less 
and because they are smaller, as well 
as lighter, assembly is easier and faster. 
Raw material requirements are also 
reduced. These advantages permit the 
over-all hydraulic system design to in- 
corporate less weight and mass. The 
latter is especially jmportant where 
portability is concerned. 


SYSTEM EFFICIENCY 
In any hydraulic system, a part of the 
generated fluid horsepower is used to 
force fluids through the system. Re- 
sultant line and pressure decreases are 
far less significant in high pressure 
systems. For example, a pressure drop 
of 50 psi represents a loss of 5% ina 
1000 psi system, but only a 1% loss 
in a 5000 psi system. It follows that 
high pressure systems have an inherent 
efficiency advantage over low pres- 
sure systems. 

The ability to provide sustained 
efficient power for a high pressure 
system is best fulfilled by a precision- 


DRAIN PLUG 


SHAFT ASSEMBLY 


PORT PLATE 


built axial piston pump because of 
its low slippage rate and operating 
characteristics. 

All internal forces created by 
hydraulic pressure against the mov- 
ing parts are counteracted by the use 
of hydraulic balancing. 

Using the principle of hydrostatic 
balancing eliminates the need for ex- 
pensive and often cumbersome thrust 
bearings in the pump. This design 
minimizes pump size and allows a more 
compact pump or fluid motor package. 

Other advantages are gained through 
hydrostatically balancing pistons and 
the cylinder barrel. For example, exces- 
sive loading of piston shoes against 
the cam plate is avoided. In addition, 
excessive loading of the cylinder barrel 
against the port plate is prevented, 
virtually eliminating wear caused by 
sliding action. 

Life expectancy of internal axial 
piston pump parts is almost infinite 
since constant lubrication is supplied 
by system fluid. 

Data and specifications on 5000 psi 
pumps, motors and controls are avail- 
able from your Denison representative 
—located in principal cities—to assist 
you in developing hydraulic systems 
for maximum efficiency and economy. 


NEW CATALOG FOR DESIGNERS 
AND ENGINEERS 


Write for your copy of 

Bulletin 220—“Hydrau- [VU INI)| 
lic Power to 5000 psi” 

and Bulletin 203— it, 
“Axial Piston Pumps”. 

Includes complete spec- 

ifications, operating 

data and applications for Denison’s 
full line of hydraulic pumps, motors 
and controls. 


DENISON ENGINEERING DIVISION 


ROLLER BEARING PLATE 


DETAILS OF CONSTRUCTION 
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American Brake Shoe Company 
1194 Dublin Road « Columbus 16, Ohio 
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in order to pass an acceptable unit. If a 
reject is detected, relay signal can be 
used to actuate an audible, visual alarm or 
a reject mechanism. Photomation Inc, 
96 S Washington Ave, Bergenfield, NJ. 


Circle 327 on Reader Service Card 
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Hydraulic pumping units . . . 
offer pressures up to 2500 psi and flow 
rates from 0.6 to 4.2 gpm. Suitable for 
lift trucks, small clamping mechanisms, 
gate valve operations, etc. Base of unit 
forms oil reservoir. Motor, pump, filler 
and breather assembly, and pressure and 
return connection are mounted as an 
assembly on reservoir cover (aluminum 
die casting base plate). By removing four 
bolts, assembly can be removed for inspec- 
tion or cleaning. Racine Hydraulics & 
Machinery Inc, 2000 Albert St, Racine, 
Wis. 

Circle 328 on Reader Service Card 


oe 


Single-acting cylinder .. . 
uses only slightly more than half the air 
volume required by double-acting cylin- 
ders of same size and can serve as double- 
acting unit when needed. Has spring- 
return, which allows use of 3-way instead 
of 4-way valve. With face or clevis 
mounts, cylinder is available in 24- 3-, 4- 
and 5-in. bore sizes, with 1-, 2- or 3-in. 
strokes. Fluid Dynamics Div, Mead 
Specialties Co, 4114 N Knox Ave, Chi- 
cago 41. 

Circle 329 on Reader Service Card 


continued on page 78 
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WHY POLYSULFIDE CRUDES 


HIGH SOLVENT RESISTANCE. 
Industry has found no other 
elastomers perform so well 
so long under exposure to 
oils, aromatic fuels, chemi- 
cals, solvents and other de- 
grading liquids as THIOKOL 
polysulfide crudes. Top name 
manufacturers of paint spray 
equipment, for example, have 
made polysulfide rubber the 
traditional choice for lining 
hose. As a Carrier of paint, sol- 
vent, thinners, THIOKOL poly- 
sulfide rubber provides trou- 
ble-free service years on end. 


LOW TEMPERATURE FLEXI- 
BILITY. Though the mercury 
drops far below zero, poly- 
sulfide crudes stand up — 
without plasticizers. No brit- 
tleness. No cracking. No loss 
of serviceability. In demand- 
ing applications such as gas- 
kets and O-rings in aircraft 
fuel systems, THIOKOL poly- 
Sulfide rubber keeps its 
resiliency through the low 
temperatures of high alti- 
tudes. Rubber components, 
hose, sheeting can be fabri- 
cated for service at temper- 
atures to minus 65 deg. F. 


76 


PRODUCT ENGINEERING » MARCH 27, 1961 








ARE PICKED FOR THE BIGJOB 


PRODUCT ENGINEERING - MARCH 27, 1961 


IMPERMEABILITY TO GASES. 
From sheets of polysulfide 
rubber or fabrics coated with 
it, manufacturers of gas 
meter and regulator dia- 
phragms are producing the 
most reliable measuring 
components ever. THIOKOL 
polysulfide crudes maintain 
full integrity though con- 
stantly exposed to degrading 
gases, sunlight, ozone, vapors 
and to wear of diaphragma- 
tic action. 


LONG LIFE. Widening use on 
printing and coating rollers 


constantly subjected to sol- 
vents, thinners and physical 
stress underscores ability of 
THIOKOL polysulfide crudes 
to deliver long service life 
under severe conditions. 


Thiokol offers comprehensive technical literature de- 
tailing properties and performance characteristics of 
polysulfide crudes. Copies of this helpful material will 
be mailed to you on request. Write on your letterhead, 
or use handy coupon 


Thiokol. 


CHEMICAL CORPORATION 


THIOKOL CHEMICAL CORPORATION 
780 N. Clinton Ave., Trenton 7, N.}. 
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Tread-lock brake . . . 
for caster wheels, has permanently bonded 
composition brake shoe located directly 
beneath brake spring. Brake banding 
technique is said to provide more positive 
braking on wheel face (preventing wear 
on wheel mechanisms) and to eliminate 
wheel distortion. Brake shoe also allows 
firm stopping on harder tread wheel sur- 
faces such as steel, plastic and hard rubber. 
To increase brake’s over-all strength, em- 
bossed pedal made of 0-090 steel, extends 
to caster’s horizontal leg. Colson Corp, 
7 S Dearborn St, Chicago 3. 

Circle 330 on Reader Service Card 


Wire rope... 
is made of seven strands helically laid 
around a core. Said to have 16%% more 
wearing surface than 6-strand rope and 
flexibility of 8-strand rope. Available in 
4 to l#-in. dia, ranging in strength from 
13.1 to 64.2 tons. MacWhyte Wire Rope 
Co, 2900 14th Ave, Kenosha, Wis. 
Circle 331 on Reader Service Card 


Stud-mounted rectifiers . . . 
handle up to 40 amp at 302 F in half- 
wave circuits and up to 60 amp in 
full-wave circuits. Peak inverse voltage 
capability is from 50 to 800 v. Have 
double-diffused, silicon junction construc- 
tion. From stock. Trans-Sil Corp, 55 
Honeck St, Englewood, NJ. 

Circle 332 on Reader Service Card 


Flat-armature torque 
motors... 

have pole pieces, 
armatures contained and afhxed to non- 


magnets, coils and 


magnetic stainless steel frames. Elim- 
inate problem of magneto or pole pieces 
shifting position or breaking away from 
assembly in either shock or vibration. 
Four models in series are electromechani- 
cal transducers which transform min of 
electrical power into max linear mechani- 
cal displacement and force proportional to 
input control current. Also suitable in 
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high response electrohydraulic, electro- 
pneumatic and hot-gas servosystems. All 
models have high performance-to-weight 
ratio (weigh from 2.8 to 18.5 oz), and 
operate continuously at temperatures of 
450 F. Stroke ranges from +0.006 to 
+0.015 in.; output radius, 0.650 to 0.906; 
midposition force, 2.5 to 13 Ib; hysteresis, 
2%; resonent frequency, 940 to 400 cps; 
and max power requirement, 1.6 to 5.2 w. 
Servotronics Inc, 190 Gruner Rd, Buffalo 
25, NY. 

Circle 333 on Reader Service Card 


Battery protector cap... . 
traps gases and by catalytic action recon- 
verts hydrogen and oxygen into water 
which drips back into cell to maintain 
electrolyte level above plate tops indefi 
nitely. Warns of overcharge by turning 
hot to touch (normally warm to touch). 
Hydro-Catylator Corp, 237 Sunrise Hgwy, 
Rockville Centre, NY. 

Circle 334 on Reader Service Card 


Power rheostat . . . 
with push-pull action, can be used at full 
wattage rating with as little as 25% of 
its winding in use. Available with stand- 
ard or tapered windings in 100, 200 and 
300-w sizes. Has lightweight metal hous- 
ing for improved heat dissipation and dis- 
tribution and is adaptable to any linkage 
for either manual or automatic operation. 
Milwaukee Resistor Co, 700 W Virginia 
St, Milwaukee 4. 

Circle 335 on Reader Service Card 


Pressure gages... 
are said to be accurate within 1% of dial 
reading. Available with silver-brazed cop- 
per alloy bourdon tube and bronze-bushed 
movement for pressure media not corrosive 
to brass or with stainless steel bourdon 
tube and stainless and monel movement 
for entirely corrosion-resistant service. All 
models are 24-in. dial size with 4-in. NPT 
male bottom connections. Ranges are 
15, 30, 60, 100, 160, 200, 300, 600, 
1000 Ib and 30-in. vacuum. Marsh In- 
strument Co, Div. of Colorado Oil & Gas 
Corp, Skokie, Il. 

Circle 336 on Reader Service Card 


Small-appliance thermostat... 
measuring % in. round and 3 in. thick, has 
open or closed 4-in. bimetal snap-acting 
disk. Can be used as is or enclosed in 
various metal housings. Handles currents 
to 20 amp, voltage to 240 v ac. Therm-O- 
Stats Inc, PO Box 303, Chartley, Mass. 
Circle 337 on Reader Service Card 


Sight flow indicator . . . 
for viewing inside pipelines, has double 
sight glasses, allowing clear observation 
of fluid even under poor lighting condi- 
tions. Uses machined recesses and retain- 
ing rings for even seating of sight glass 
gaskets to prevent leakage. Schutte & 
Koerting Co, Dept M-V, Cornwells 
Heights, Bucks County, Penna. 

Circle 338 on Reader Service Card 


Pneumatic line coupling . . . 
is suitable for joining sight glass sections 
with max protection against stresses that 
crack or break the glass. Extra large neo- 
prene gaskets and special construction 
permit positive seal and gripping action 
even when tubing is appreciably out of 
round. Also makes connections on arc of 
an elbow without requiring straight sec- 
tions. Made of cast aluminum and 
mounted with three cadmium plated take- 
up bolts, unit provides strong safe seal 
under any pressure up to 100 psig. Sizes 
range from 14 to 4 in. dia. Fluidizer Div, 
Daffin Corp, Hopkins, Minn. 

Circle 339 on Reader Service Card 


Electronic rack cabinet . . . 
made by standard tools and dies, has ad- 
justable ventilating system for cooling 
electrical equipment. Duct outlets can 
be positioned vertically at any location, 
continued on page 82 
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to tell you it’s 
worry- proofed 
at the factory 


Other spring fasteners may look like Tinnerman 
SPEED Nuts. But only the 7-marked ones really are 
SPEED NuTs... really are “Tinnermans”. . . made to 
highest quality and precision standards to assure 
worry-proof performance on your assembly. 

Here’s what the exclusive Tinnerman T-mark 
means to fastener users : 

Over thirty-five years of Tinnerman experience as 
the originator and largest producer of spring-steel fas- 
teners...the leader in solving your fastening problems, 

Outstanding fastener design and production experi- 
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ence that assures you the best possible design of SPEED 
Nut, whether it is a special SPEED NuT or one of the 
10,000 SPEED Nut brand fasteners presently available, 

Stringent control of SPEED NUT quality from coil 
strip to you, including die design, production, heat 
treatment and finishing. 

Be sure you specify “Tinnerman T-marked SPEED 
Nuts” that give you better fastening, that cut parts 
and assembly costs, that never let you or your cus- 
tomer down. Tinnerman Products, Inc., Dept. 12, 
Box 6688, Cleveland 1, Ohio. 


TINNERMAN 
Sig07b [ia 


Look for the Tinnerman"T” 
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The better it runs—the better you live! 


Volume goes up— prices come down. Cheaper by the dozen, cheaper still by the 

million. That's because advertising is on the job, building mass markets. Then % 

increased demand makes more jobs— puts more money into circulation for  Ropycty 
bigger buying power. It’s the American cycle of productivity and plenty, and 

there’s no limit to what it can do for all of us. 


Let's Keep Rolling Ahead 
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9 cycle life earn preference for 


Fliexonics bellows with leading control manufacturers 


For measurement and control of process vari- 
ables, the country’s leading instrument manu- 
facturers are specifying Flexonics Bellows. 
Uniformity of effective area and spring rate 
... adaptability to a wide variety of fittings... 
a broad range of sizes and materials . . . and 
proved long cycle life—are only a few of the 
many reasons for this strong preference. 


inCanada: Fiexonics Corporation of Canada,Ltd.,Brampton, Ont. 


@& 8 


BSELLOWwS 


eo cx 


METAL 
HOSE 


EXPANSION 
JOINTS 


SUBSIDIARY OF CALUMET & 
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A Flexonics Bellows may be the answer to your 
design problem. Send an outline of your bellows 
application — the Flexonics Application Engi- 
neering Staff will be pleased to study your 
specific problem and make recommendations. 
Or, if you prefer, write for the Flexonics 
Design Guide . . . 20 pages of valuable bellows 
information. 


rporation 


SSeS SS SSS SESS SSSR SSS SSS SSeS See 
FLEXONICS CORPORATION 
386 E. Devon Avenue [riven scaal 
Bartlett, ill. 


Please send my personal 
copy of Flexonics 20 page 
Bellows Design Guide cov- 
ering in detoil Flexonics 
products and services for 
bellows applications. 


atro/space 
COMPONENTS 
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HECLA. INC, 
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~ PRODUCT 
APPLICATION 


Hansen SYNCHRON 
being assembled 
into “EC"’ Local 
Controller unit 


A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


EAGLE SIGNAL CORPORATION uses Hansen SYNCHRON motors for synchronous 
power to govern signal timing operations in “EC” Traffic Control Systems. Hansen 
SYNCHRON motors regulate amber and pedestrian clearing intervals — and all 
other intervals which remain constant regardless of cycle length . . . and also govern 
the 4 independent traffic splits (time division for vehicular traffic) — as well as any 
interval which is variable according to cycle length. The Hansen SYNCHRON, 
regulating constant intervals, operates on 60-cycle power supply . . . the one govern- 
ing variable intervals responds to variable frequency from the master control unit. 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal] has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SY NCHRON Timing Motors. 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 


HANSEN REPRESENTATIVES: 
THE FROMM COMPANY 
5150 W. Madison, Chicago, Illinois 
H. C. JOHNSON AGENCIES, INC. 
Rochester, N. Y. — Buffalo, N. Y. — Syracuse, N. Y. 
Binghamton, N. Y. — Schenectady, N. Y. 
ELECTRIC MOTOR ENGINEERING, INC. 
MANUFACTURING Los Angeles, Calif. — (Olive 1-3220) 
CLOMPANY, INC Oakland, California 
k TON ANA WINSLOW ELECTRIC CO. 
mee =New York, N.Y. — Essex, Conn. (SOuth 7-8229) 
Philadelphia, Penn. Cleveland, Ohio 


Sweet's Product 
Design File 


©) 


HANSEN 
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with adjustable scoops permitting regu- 
lation and balancing of air discharge. Suit- 
able for modular unit expansion, cabinet 
has hinged rear door for easy access to 
internal components. Made of heavy 
gage, cold-rolled steel or aluminum and 
measures 24 x 24 x 77 in. Falstrom Co, 
185 Falstrom Ct, Passaic, NJ. 

Circle 340 on Reader Service Card 


Silicon controlled rectifiers . . . 
switch up to 5 amp of current over peak 
reverse voltage range from 20 to 400 v. 
Enable rapid firing (1 to 5 usec) with min 
of current (2 to 5 ma typical) on such 
applications as static inverters, dc power 
regulators, dc motor controls, tempera- 
ture and lighting controls, dynamic brak- 
ing, etc. Similar to gas thyratron, but 
said to provide faster triggering and te- 
covery, lower forward voltage drop and 
high temperature operation. From stock 
at $5 to $55 each in quantities of 1 to 99. 
International Rectifier Corp, 1521 E 
Grand Ave, El] Segundo, Calif. 

Circle 341 on Reader Service Card 


. 
Force gage. . . 
used to measure ounces and grams of snap 
action switch characteristics and applica- 
tion force requirements, is available for 
$1 to switch engineers who supply name, 
title, company name and estimated yearly 
switch usage. Valued at $8.50, gage meas- 
ures approx 6 in. Cherry Electrical Prod- 
ucts Corp, 1650 W Deerfield Rd, High- 
land Park, Il. 

Circle 342 on Reader Service Card 


Bamboc slide rule .. . 
has extended range of log log scales for 
solving problems involving fractional or 
non-integral powers and roots of integral 
or non-integral quantities. Specially treated 
laminated bamboo neither contracts nor 
expands with changes in temperature or 
climatic conditions. Facing is of ivory 
white plastic for top readibility. Comes 
in three 10-in. models, each designed for 
mechanical engineer, advanced electronics 
engineer and scientist. Also available is a 
5-in. pocket model for advanced electronics 
engineer at $15.50 to $26.50. Alvin & 
Co Inc, 611 Palisado Ave, Windsor, Conn. 
Circle 343 on Reader Service Card 
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Smallest, Fiercest of mammals, the 
mole-like, fractional-ounce shrew con- 
sumes several times its own weight of 
insects daily — may even kill and eat mice 
many times its own size. In fact, this little 
lightweight is so formidable that its name 
has been adapted to classify certain 
human traits; for example, ‘‘shrewish"’ 
and ‘'shrewd"’: 


Miracles in 
Instrumentation 


ACTUAL SIZE OF THE “PS BEARINGS @ 


IN ACTUATOR SHOWN ABOVE 
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ideal For Missiles and other space- 
saving applications, this tiny rotary actua- 
tor meets military specifications for high 
speed torque. Measuring 24%” x 2%” x 
1%” it is 50% smaller, weighs 50% less, 
than its predecessor. MPB bearings, first 
selected as shaft supports for special 
models, proved so satisfactory that they 
are now specified on standard models. 


Man With Miracles. Like all MPB 
Sales Engineers, Ray Sparks has had con- 
siderable experience in helping designers 
choose exactly the right MPB bearings for 
best results in miniaturization or in instru- 
mentation — or in both. He is well qualified 
to bring expert advice to your own product 
development and solution of problems in 
these fields. 


Specialized customer service is one of the most valued features of 
MPB engineering. In addition to developing new precision bearings for miniature 
and precision applications, the news-making MPB Technical Center at Keene 
provides customers with constant teamwork in the development of modern 
mechanisms. For details about MPB service—and for a catalog on MPB bearings, 
the world's largest line — write to Miniature Precision Bearings, Inc., 


93 Precision Park, Keene, N.H. 


MEB Helps you perform 


miracles in instrumentation 


CIRCLE 83 ON READER SERVICE CARD 


83 











" Automotive transmission stator blade 


Lightweight precision part for Smith-Corona "400" 

















These close-tolerance parts were produced with no 
machining costs! They’re Dow precision magnesium 
extrusions which require only end trimming or cutting 
to length before use . . . and where transverse holes are 
E Li M l NATE M AC H l N | N G, needed, drilling and tapping. Dow precision magnesium 
extrusions help manufacturers cut production costs, 


CUT PRODUCTION COSTS while providing tolerances as close as + .001 inch on 


critical cross-sectional dimensions, dimensional stability 

;, and light weight. There is no machining on the typical 
WITH MAGN ESI U M parts above . . . component for the ultra-modern Smith- 
Corona ‘‘400” Office Electric Typewriter; The Challenge 

p R EC | S | 0 N EXTR U S | 0 N S Machinery Company’s printer’s furniture; and auto- 
motive transmission stator blade. Precision magnesium 

extrusions can be produced with sharp V’s, thin notches, 

and accurate serrations. Complex parts can be given a 

consistent precision fit. For information, write to THE 


DOW METAL PRODUCTS COMPANY, Midland, Michigan, 
Merchandising Dept. 1104DZ3-27. 


THE DOW METAL PRODUCTS COMPANY 


Division of The Dow Chemical Company 
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NEW DOW MAGNESIUM 
ALLOY ZEI0A 


high welded joint strength 
and no stress relief! 





New Dow magnesium alloy 
ZE10A needs no post-welding 
stress relief. This strong sheet 
alloy is ideal for fabricating con- 
tainers, vehicle bodies and other 
structures... and for field repair 
operations where stress relief 
can be a real problem. 

ZE10A provides very high 
welded joint strength, important 
in butt welding of plates. The 
result—strong, stiff weldments 
of very light weight . . . with 
greater capacity, pound-for- 
pound, than structures made 
from any other metal! 

To weld ZE10A sheet to ex- 
trusions, use Dow extrusion 
alloy ZK21A. No stress relief 
required. For further informa- 
tion and data, write THE DOW 
METAL PRODUCTS COMPANY, 
Midland, Michigan, Merchan- 
dising Dept. 1152DZ3-27. 


ZE10A makes light, strong containers, like 
this Tote Bin, built by Tote Systems, Inc., 
Beatrice, Neb., a subsidiary of Hoover 
Ball and Bearing Company. 


<> 


THE DOW METAL PRODUCTS COMPANY 
Division of The Dow Chemical Company 
Midland, Michigan 
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Early Motor-cars 


GEORGE A OLIVER. Stephen Green Press, 
120 Main St, Brattleboro, Vt. 14 x 19, App 
55 pp. Limited edition of 750 copies, $20. 


When and why did automotive 
styling—which now seems to dominate 
the industry—become a part of auto 
design? This book describes and illus- 
trates 12 cars which were the most 
significant models built between 1904 
and 1915. This period was one of 
extensive engineering improvements 
and just making the car go was no 
longer the basic problem. A reason- 
able degree of reliability had been 
achieved and designers were able to 
apply themselves to improving brak- 
ing, steering, maintenance and appear- 
ance. This period saw the birth of 
styling and cars began to develop 
characteristic shapes. The early at- 
tempts were severe as the breakaway 
from carriage coach work became more 
pronounced. Though it lacked ele- 
gance, early styling was usually prac- 
tical and frequently handsome. This 
is in contrast to the indiscriminate 
use of sheetmetal and glass that is fre- 
quently referred to as styling today. 

The 12 full-color plates have been 
prepared with precise attention to 
technical detail by the author-illustra- 
tor. The text accompanying each illus- 
tration provides pertinent technical 
data to substantiate the author’s se- 
lection of these cars as the significant 


| models of an important automotive 


era. The color plates are magnificent 
and would undoubtedly cost more 
than the price of the book if purchased 
separately. The book will prove invalu- 


| able to anyone in the automotive de- 
| sign field and will be appreciated by 


anyone who has even a passing interest 
in the auto car.—JJK 


Heat Conduction in 


Distributed System 


J R NORTON, L D ZIRKLE. Oklahoma State 
University, Stillwater, Okla. 8/2 x 1034, 100 
pp. $2.50. 


When heat input to a part is a pe- 
riodically varying function, rigorous 
mathematical treatment is difficult. 
[his book discusses several alterna- 
tive methods, including Fourier series 
and the separation of variables. Au- 
thor introduces a single solution that 
is applicable to all systems in which 


the driving function is periodic. He 
applies the reflection type of analysis 
usually associated with electrical trans- 
mission lines. Included are data on 
thermal conduction tests on finite 
simple and composite rods. 


Electronic Equipment 
Reliability 

G W A DUMMER & N GRIFFIN. John Wiley & 
Sons Inc, 440 Park Ave South NYC. 834 x 512, 
274 pp. $7.50. 

The author draws from years of 
experience to summarize all types ot 
failures and show special limitations of 
all types of parts, coatings, devices and 
circuits. Much of the book deals with 
circuit design to reduce total number 
of parts that can fail. Typical chapter 
headings are: Faults in Electronic 
Equipment, Environmental Condi- 
tions, Constructional Techniques, and 


Reliability Prediction and Calculation. 


Other Books of Interest 


ASME Metallizing Symbols 
ASA Y32.12-1960. American Society of Me- 
chanical Engineers, 29 W 39th St, NY 18. 
6x9, 7 pp. $1. 
Platinum and Allied Metals 
Bibliography 
Office of Technical Services, US Dept of Com- 
merce, Washington 25, DC. 8 x 102, 8 pp. 
10¢. 

Lists reports in OTS’ monthly abstract jour- 
nals from 1941 through July 1960. 


ABSTRACTS 
FROM THE LITERATURE 


Battery Systems 

A review of the battery field and 
an evaluation of the status of the lead 
battery, as compared to other competi- 
tive systems. 


“The Choice of Battery Systems,” by C. G. 
Grimes and W. S. Herbert, The Electric Storage 
Battery Co. Paper No. 269D, SAE, 485 Lex- 
ington Ave, New York 17. 


Hardness of Polymeric 
Materials 

The hardness of a polymeric mate- 
rial is usually evaluated by observing 
the distance of indentation and re- 
covery that occurs when a penetrator 
is forced into a flat surface and then 
released. To compare materials, the 
results of such hardness measurements 


continued on page 86 
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'B6 


BOSTOW,.: QUALITY 


sprockets and chain 


Advt. copyright by Boston Gear Works, Quincy 71, Mass. 


1488 types and sizes. From local stock. 
Off the shelf - at factory prices. 
For any chain drive 1/4” to 2” pitch — 
Roller, Block, Ladder. See Catalog 57. 
Design around the quality leader. 


BOSTON... 
DISTRIB 


IN STOCK at your nearby UTOR 
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DESIGN LITERATURE continued 


are then recorded according to the 
prescribed hardness scales. This pa- 
per shows how the results of hardness 
tests can be interpreted in terms of 
the stress-strain behavior of the ma- 
terial. 

“Hardness of Polymeric Materials,” by Eric 
Baer, R. E. Maier, and R. N. Peterson, E ! 
du Pont de Nemours and Co. Presented at the 


17th Annual Technical Conference, SPE, 65 
Prospect St, Stamford, Conn. 


Fire-resistant Hydraulic Fluids 
This is a report of a survey of in- 

dustry opinion of fluid properties, 

costs, toxicity, conversion problems, 

insurors attitudes. 

“What Industry Thinks of Fire-resistant Fluids,” 


S S Livers. Control Engineering, Feb ‘61, 330 
W 42nd St, New York 36. 


Shear Spinning 

Uniaxial and biaxial mechanical 
and metallurgical properties of ultra- 
high-strength steels are evaluated, 
based on tests of shear spun cylindri- 
cal sections of AMS-M255 and Lad- 
ish Dé6a. 


“Metallurgical Aspects of Shear Spinning Ultra- 
high-strength Steels,’ P P Crimmins, Aerojet- 
General Corp. American Rocket Society paper 
1601-16. American Rocket Society, 500 Fifth 
Ave, New York 36. 


CATALOGS 
AND BULLETINS 


To obtain copies of literature described be- 
low, circle corresponding number on post- 
ecard inside back cover. 


RETAINING RINGS—Catalogs 30 and 
31, 4 pp. each. Former covers prestacked 
internal rings; latter, external rings—both 
types in sizes from 0.250 to 1.375 in. 
Tables show housing dia; ring and groove 
dimensions; ring clearance; and thrust 
strength in pounds. Price lists included. 
Industrial Retaining Ring Co, 57 Cordier 
St, Irvington 11, NJ. 

Circle 350 on Reader Service Card 


GLASS POLYESTERS—Brochure B8216, 
8 pp. Presents physical and electrical 
properties of 10 grades of glass-mat lami- 
nates and three grades of glass molding 
compounds with low, medium and high 
impact qualities. Westinghouse Electric 
Corp, Micarta Div, Hampton, SC. 

Circle 351 on Reader Service Card 


WELDING ALLOYS—Wall chart, 194 x 
254 in. Indexes line of welding, brazing 
and soldering alloys and fluxes under 
common base metals. Describes each join- 
ing alloy with recommended preheats, 

continued on page 89 
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Fluid Circuitry News from Westinghouse 
Industrial Product Division expands line 


The Petch line of high quality air and 
hydraulic cylinders is now part of the 
line of Westinghouse Fluid Circuitry 
components. This acquisition makes it 


possible for us to offer industry the most 
complete line of air and hydraulic com- 
ponents for control systems to auto- 
mate industrial production operations. 


Spool Type 
Directional Valves 


Phenolic Piston— 


Interlocking Multiple 
will not score tube 


Lip Seals—eliminate 
usual maintenance 
seal inventory 


Phenolic Rod Bearing Insert- 
will not score piston rod Rotary Type 


Poppet Type 
Directional Valves 


Directional Valves 


The Petch line of rugged, precision made 
cylinders include the following models: 


Air & Low Pressure 

Hydraulic Cylinders 
150 psi Air 500 psi Hydraulic 
1” to 10” Bores 
10 Standard Mountings 


Floating Cushion— 
Provides repeatedly 
controllable cushioning 


High Pressure 
Hydraulic Cylinders 
114” to 6” bores—2000 psi 
8” to 10” bores—3000 psi 
10 Standard Mountings 
All Petch Cylinders conform to J. I. C. 
Standards. 


FLUID CIRCUITRY... FOR TROUBLE-FREE AUTOMATION 


Fluid Circuitry is the application of They contain reliable products to boost 


fluid control systems to industrial pro- 
duction operations. 


Fluid Circuits are economical, safe and 
precise. They are used to solve the most 
vigorousandcomplexcontrol problems. 


your production and cut your produc- 
tion costs. 


For more information on Petch Cylin- 
ders and Fluid Circuitry ask for catalog 
A3-56.00. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 
or refer to Sweet's Catalog, Product Design File. 





WESTINGHOUSE AIR BRAKE COMPANY 


INDUSTRIAL. PRODUCTS DIVISION, WILMERDING, PENNSYLVANIA 
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Air Line Conditioners 


Multi-Position Cylinders 


Cut Out Cocks 


DQ 


~ SS TM 
& 
Flow Control Valves 


WW 
ZN y 


~. A | 


Filters & Strainers 
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Worib BesTos 


TRANSMISSION 
LININGS and special 
CLUTCH FACINGS 


can help you solve design, performance 
and cost problems with this complete line 


TRANSMISSION BAND LINING 
ee rigid- ee 
molded segments 

can be supplied 

flat or curved, 





with or without 
adhesive and with 
a variety of groov- 
ing patterns. 


FRICTION DISCS 


LIMA variable Paper, cork, rub- 

er-base or dry- 
speed drive | forte selected on 
compounded to 


. : P meet our re- 
LIMA'’S multi-speed transmis- qulscniaats and 


bonded to steel 


sion, aS a Component of the backine platen 


VARIABLE SPEED DRIVE, 
delivers this greater output SPECIAL CLUTCH FACINGS 


torque... at no more cost Seed ae 


than comparable 2 to 1 ratio ly compounded for 
: power tools, home 
units. appliances, cam- 
eras and other 


¢ 120 through 1200 RPM precision devices 


as well as automo- 
with a 1200 RPM motor tive and industrial 


¢ 180 through 1800 RPM equipment. 


with a 1800 RPM motor WORLD BESTOS is one of the few manufacturers 
Dripproof or Totally Enclosed Fan-Cooled that supplies a complete line of O.E.M. approved 
automatic transmission friction parts for all U.S.- 
for additional information write: made automobiles. This unusually wide experience 
Patrick F. Dwyer plus automated production gives you (1) the lowest 

: possible cost commensurate with the quality re- 

genere! sales manager quired and (2) prompt delivery of special clutch 

= facings and transmission linings that fit and perform 

---¢ LIMA » as specified. All WORLD BESTOS 
+ a parts are precision pre-tested and 

4 ELECTRIC MOTORS scientifically proved. New four-page 
; brochure No. 1051 lists parts and 

materials currently in production. 
For additional information and a 
copy of the brochure, write or call: 





GEARSHIFT DRIVES 
VARIABLE SPEED DRIVES 
GEARMOTORS 
STRAIGHT LINE REDUCERS 
SHAFT MOUNT REDUCERS he B. NEW CASTLE, INDIANA 
GENERATORS ORLD ESTOS PHONE: JACKSON 9-4790 
THE LIMA ELECTRIC MOTOR CO.. INC. ° DIVISION OF THE Y ee and Automotive Brake —_ and 
LiningseTransmission LiningseSpecial Clutch 
LIMA, OHIO § 1 re $to n g Y Facings « Vibration Controls « Sheet Packing 


TIRE & RUBBER COMPANY 7 __ BEST TODAY — STILL BETTER TOMORROW 
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Example 


... Of B&P capability 


to make lightweight 
metal assemblies for 
electronic equipment 


Designing and manufacturing 
products and assemblies of 
light metals is a highly spe- 
cialized field. Techniques un- 
known to production in other 
metals must be understood and 
new ones must be developed 
for unusual requirements. 

Because it has concentrated 
on light metal manufacturing 
for many years, Brooks and 
Perkins today has experience 
and capability unmatched by 
any other organization. 

The Nike-Hercules system 
magnesium cabinet shown 
above is just one example of 
B & P skill in maintaining 
close tolerances and optimum 
precision. Other products and 
assemblies designed and pro- 
duced by B & P include . . 

* cooler plates * radar reflectors 
* communication equipment covers 
* radar reflector bases * equip- 
ment housings ® tripods * radar 
plotting equipment ® shelters 
* transit cases * gun fire control 
housings and turrets 
When you need lightweight 
products or assemblies for elec- 
tronic equipment, take 
advantage of B & P’s ex- 
perience and capability. 








DESIGN LITERATURE... . continued 
amperage or working temperature, and 
tensile or shear strengths. Featured are 
correct joining alloys for major weldable 
aluminum alloys. All-State Welding Al- 
loys Co Inc, 249-55 Ferris Ave, White 
Plains, NY. 

Circle 352 on Reader Service Card 


FASTENERS-—Bulletin 2449, 8 pp. 
Tables, supplemented by sketches identi- 
fying types of fasteners, spell out mate- 
rials, threads and size ranges of socket- 
screw products, pressure plugs, locknuts, 
spring pins, dowel pins and steel collars. 
Photos and cutaways show design features 
and applications. Standard Pressed Steel 
Co, Box 545, Jenkintown, Penna. 

Circle 353 on Reader Service Card 


LIMIT SWITCHES—Bulletin GEA- 
7312, 12 pp. Discusses typical applica- 
tions of lever, leverless and rotating-cam 
and limit switches, as well as tripping 
forces for activating each switch. Each 
mode] is illustrated by cutaway and dimen- 
sional drawing, while installation do’s and 
don’ts are sketched. General Electric 
Co, Schenectady 5, NY. 

Circle 354 on Reader Service Card 


MULTISPEED MOTORS ~— Bulletin 
1300, 4 pp. Covers construction features 
and ratings of variable-torque, constant- 
torque and constant-hp units—both poly- 
phase and single phase. Curves show 
speed-torque characteristics. | Century 
Electric Co, 18th & Pine Sts, St Louis 3. 

Circle 355 on Reader Service Card 


SILICONE-INSULATED CABLE—Bul- 
letin, 4 pp. Outlines key properties of 
silicone-rubber insulation and presents 
curves showing insulation behavior of 
conductors under direct flame. Tables 
give single and multiconductor cable 
sizes, diameters over insulation and di- 
electric strengths. Boston Insulated Wire 
& Cable Co, 63 Bay St, Boston 25. 

Circle 356 on Reader Service Card 


continued on page 91 














PUMP 
DESIGN 
TRENDS 


NICHOLS 


PUMP RELIABILITY 
GREATLY INCREASED BY NEW 
INTEGRAL DESIGN CONCEPT 


C Building ultra-reliability into pumps 


by building the pumping elements 


| themselves integrally into the casting 


or frame of the mechanism they serve 
is a recently developed concept now 


| rapidly being adopted by designers. 


» The development of three low cost 
elements ready to build into the hous- 
ing of any mechanism requiring ? 


| pumping function eliminates the pur- 


chase of complete pumps. 


OGe 


| fis. . Three Gerotor components permit pump to 


uated as integral part of housing or 
AR. of mechanism, eliminate need for purchase 
and mounting of separate, complete pump 
» Mounting pads, couplings, connec- 
tors and accessory drives are done 
away with by this progress in design. 
Consisting of an inner and outer 


| Gerotor and an eccentric locator-ring, 


the unit becomes a complete pump by 
simply through-boring the casting or 
frame of the mechanism to accommo- 
date the locator ring O.D. and to pro- 
vide porting. This design makes the 


|main casting do double duty as the 


pump housing, thus eliminating a very 


| considerable cost factor. A drive can 
|be taken from any convenient shaft. 


Fig. 2. Nichols integral pump-package is easily 
installed integrally into most mechanisms. 


» The matched elements are as easily 
built-in as a 

simple anti- 2 

friction bear- ¢ 

ing would be. 

Further, the 

Gerotor pump 

is extremely 

flexible in its INTAKE CYCLE 


configuration 
and readily 
adapts to a 
wide variety 
of mechanism 

It 


geometries. 
will handle a DISCHARGE CYCLE 


variety of fluids at rates up to 100 
gpm and pressures up to 1,000 psi. 


» Inquire of: 


W. H. NICHOLS CO. 


Makers of Zenith Metering Pumps 
and the Nichols Milling Machine 
“the miller that uses its head’. 


| 48 WOERD AVE., WALTHAM 54, MASS. 


1956 W. Fort St., Detroit 16, Mich. 
Offices in Washington and New York 


BROOKS & PERKINS, INC. | 
| 


“Actually, be’s not doing bad for an inex- 
pertenced man. The trouble is he’s had 
23 years’ experience.” 





61-T-2 mms 
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Three sectors of the tapered por- 
tion of the CONELOK nut are 
preformed inwardly (Fig. 1). When 
the Nut is applied to a bolt, these 
conforming sectors are elastically 
returned to a circular configura- 
tion and create an inward and 
downward pressure which pro- 
duces intimate contact between 
the load carrying flanks of the nut 
and bolt threads (Fig. 2). The 
shape of the cone sector displace- 
ment insures conformity with the 

t and maximum fric- 


tion contact area. . . . The closed 
stress path in the locking portion 
of the nut and the advantageous 
distribution of locking pressure, 
produce a locking device of high 
fatigue life... and equivalent 
locking force is exerted at only a 
fraction of the stress of any slot- 
ted type locknut. CONELOK main- 


tains its locking action through 
many re-applications. . .. It is 
adaptable to high, and low torque 
assemblies . . . #0 high torque 
stop-nut applications .. . and may 
be obtained in sizes from No. 10 
through 12”, Full and Thick di- 
mensions are “Standard”. . . 
Send for brochure which 


includes complete 
engineering specifications. f~ 


| 








) wariomat MACHINE PRODUCTS COMPANY 


44250 UTICA ROAD U T.t 4.44 oe ek ee 


ompahy 


GROWN UP! 
PRICED DOWN! 


The all new VEMCO 33/20”. A precision drafting 
machine capable of accommodating drawings as 
large as 34” x 44”. Combining much of the 
versatility, convenience and precision workmanship 
of America’s finest drafting machines, yet Priced 
At Only $59.50, subject to quantity discounts. 





WORM GEAR 
SCREW JACKS 
by JOYCE 


ii, 


For... 

Pressure and Torque Applications 
Actuating 
Conveyor Adjustments 
Machine Adjustments 
Leveling Systems 
Welding Positioners 
Jigs 
Testing Equipment 


#060. 0:6,6, 6 6,0. 0. oe © 


Also available —the Model 3300 
with special disc brake and automatic 15° 
indexing—slightly higher in price. 


Models, one ton and up. Can be driven by Write now for new 4-page descriptive brochure. 


motors or manually operated... synchronized 
by interlocking shafting and gear boxes. Various 
screw attachment heads available . .. also 
stainless steel or hollow screws. 

SEND COUPON FOR FOLDER Topay! 


V. & E. MANUFACTURING CO. 
766 So. Fair Oaks Avenue 
Pasadena, California 


f 


Un et Oa Oe oe Oe fe Te Ee 8 8 8 ee ee 


THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 
Rush folder on Worm Gear Screw Jacks! 





NAME 





COMPANY. 





ADDRESS 
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THE 
ROTARY 





Rotating 
Seal That 
Solves 
Installation 
Problems 


Unusual installation angles, worn machine 
connections, or the use of a wide variety 
of gases or fluids—none of these present 
problems to the Rotary Union. The unit 
automatically compensates for stress and 
strain and maintains a tight seal under 
the most adverse conditions, and each 
type will handle vacuum and most fluids 
and gases. 


Rotary Unions are furnished with either 
right or left hand pipe threads in plain or 
syphon types. Special adaptors or fittings 
are supplied where needed and engineering 
service is available for O.E.M. applications. 


There is a standard type and size Rotary 
Union for heating or cooling any revolving 
roll or drum. Pipe sizes 14" through 5”. 


Write for Bulletin 700 today. 


Trade Name—Patented 








“WHERE 9 Good Connections COUNT” ’ 
PERFECTING SERVICE COMPANY 
332 Atando Ave., Charlotte, N.C. 


Bottimore—Buftalo—Camden, N J 
wt ok 
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Chicago—Clevelond 


Montreal— Toronto 


DESIGN LITERATURE.........continued 
SEVERE-SERVICE MATERIALS— 
Pamphlet, 8 pp. Traces composition and 
properties of 12 products for applications | 
requiring resistance to abrasion, chemicals, | 
corrosion, nuclear radiation and high tem- 
peratures. These include silicon carbides, | 
ceramic fiber, boron carbide and nitride, 
zirconium and zirconium alloys, hafnium 


| and hot-pressed aluminum oxide. Carbo 
| rundum Co, Dept BMD, PO Box 337 


Niagara Falls, NY. 
Circle 357 on Reader Service Card 


SELF-LOCKING FASTENERS-—Catalog 
960, 64 pp. Contains specifications and 
dimensional drawings of lightweight hex, 
anchor and clinch-type nuts, some for 
electronic and avionic end uses. Outlines | 
and illustrates installation of clinch types. | 
Elastic Stop Nut Corp of America, 2330 
Vauxhall Rd, Union, NJ. 

Circle 358 on Reader Service Card 


STRUCTURAL MATERIALS-—Booklet, 
8 pp. Covers capabilities in aerospace ma- 


| terials (metals, ceramics and plastics) and 


advanced fabricating methods and equip 
ment for both cryogenic and re-entry 
service. Includes data checklist for 25 
applications. Westinghouse Electric Corp, 
PO Box 868, Pittsburgh 30. 

Circle 359 on Reader Service Card 


FLOW-METERING ELEMENTS—Bul 
letin 100.20-1, 8 pp. Illustrates and out 
lines line sizes and advantages of 10 dif 
ferential producers (including Dall flow 
venturi tubes and nozzles and 
plastic Parshall] flume liner) for metering 
water, air or gas, as well as petroleum, 


tubes, 


| alkalies, acids and sewage. B-I-F Indus 


tries, PO Box 276, Providence, R.I. 
Circle 360 on Reader Service Card 


DRIVE CONTROLS — Booklet GEA 
7111, 12 pp. Describes and _ illustrates 
operation principles of standard and high 
performance amplidynes for drive con- 


continued on page 93 | 








"Yes, and there have been many other de- 
sign problems that | have solved—every one | 
of them just as interesting and challenging 
as the one I’ve just told you about. For 


| imstance.. 
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RELIABLE 


ELECTOMIC 
CLUTCHES 
and BRAKES 


Both the Electomic Dry Magnetic 
Particle Clutch and Brake feature: 


@ Fast response time — better than 
5 milliseconds @ Excellent linearity 

an important factor in computers 
@ Few mcving parts to assure long 
life operation @ High torques @ 


Smoothness @ No chatter 


Type MPC-15 Electomic Clutch 
transmits high torque .90 in.-lb., per 
watt of input power. @ Speed: 5000 
RPM max. @ Output Inertia: 1.85 gr 
cm’ @ Input Inertia: 21.5 gr. cm’® @ 
Weight: 8 ounces max. @ Resistance: 
140 ohms 5% @ Dielectric Strength: 
500 VDC e Life: 100,000 clutch cycles 
min. @ Response Time: Better than 5 
ms. @ Environmentally tested to meet 
or exceed Mil-E-5272C 


\ 


Type MPB-15 Electomic Brakes are 
designed for high braking 2.5 in.-lb., 
per watt of input power. @ Speed: 
5000 RPM max. @ Total Inertia: 2.0 
gr. cm’ @ Weight: 8 ounces max. 
@ Resistance: 300 ohms +5% @ Di- 
electric Strength: 500 VDC e Life: 
100,000 braking cycles min. @ Re- 
sponse Time: Better than 5 ms. ®@ 
Environmentally tested to meet or 


exceed Mil-E-5272C 


For details write, 
wire, or call 


(ue) 


©12-60 —_ 


TECHNOLOGY INSTRUMENT CORP. 


7 


531 Main Street, Acton, Massachusetts 
COlonial 3-7711 
Brochure will be sent upon request 
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Your 


USE 


i 


For Its 
Many 
Advantages 


y 


LEATHER 


FABRIC 


Less Friction @ Forever Shelf Life ¢ Use 

On Any Fluid or Gas to 450°F © No Electrolytic 
Corrosion @ Non-Contaminating . . . 

and in many cases it is less expensive 

than outdated materials 

383 sizes of Stock Molds available for Halogen Vee Ring 
Packing for Valves * pumps ¢ cylinders * mixers 


Write for your catalog. 


HALOGEN 


INSULATOR & SEAL CORP. 


9960 Pacific Ave. Franklin Park, Hl. 
“Engineers and manufacturers— 


"DuPont T.M. TEFLON* Products” 
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NEW INVISIBLE | 
. HINGES | 


|General Purpose Hinge 
| Creates Flush Surfaces 





| These hinges are completely 
hidden from view when door, 
lid or hood is closed. Makes 
flush, 
smooth surfaces that greatly 


possible absolutely 


enhance appearance and safety. 


Tapered body sections are pre- 


| cision castings of a special zinc 


base alloy having a tensile 
strength of 47,000 pounds per 





| 
| 
| 
} 


| 


square inch. Operates in a 180 degree arc which permits 
full opening. Laminated link construction reduces fric- 
tion and permits hinges to operate freely and smoothly. 
Hinges are reversible and may be used right or left hand. 
Available for wood or metal application in a wide variety 
of sizes. For complete details, prices and free illustrated 
catalog, write today to 


SOSS MANUFACTURING CO., Dept. PER-17 
P. O. Bex 38, Harper Station, Detroit 13, Mich. 
CIRCLE 209 ON READER SERVICE CARD 





USE 
THE 
READERS’ 
SERVICE 
CARD 


for: 
additional product 
information 


copies of catalogs 
& bulletins 
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DESIGN LITERATURE...... continued 


trol of power outputs up to 100 kw 
Explains unit’s use of short-circuit and 
compensating winding for controlling op 
erational variables. Includes diagrams of 
amplidyne-electronic and amplidyne-am 


plistat amplifier systems. General Electric Operation being per- 
Co, Schenectady 5, NY. formes is, the reading 
° . . of a scin ation count- 

Circle 361 on Reader Service Card H er interpreting radiation 

loss from a cobalt cap- 








ma le located on the oppo- 
PIVOTS—Bulletin 700, 4 pp. Covers ‘ ite. sie. of Ne Mee 
lengths, diameters, materials and finishes, act casting for an Atomic 
pivot angles, chamfers and pivot point Energy application. 
curvatures of magnetic and non-magnetic 
pivots. Curves show pivot radius index 
Assemblies also are discussed. Welton V 
Johnson Engineering Co Inc, 95 Summit 
Ave, Summit, NJ. 
Circle 362 on Reader Service Card 





DC POTENTIOMETERS-Spec bulletin 
51-1100BP, 4 pp. Details construction, 
mounting and performance of null-balance 
units designed to receive input signal 
between 200 and 1200 milliv. Fischer & 
Porter Co, 805 Jacksonville Rd, War- 
minster, Penna 

Circle 363 on Reader Service Card 


PRESSURE INDICATOR —Data | sheet 
P-60236, 2 pp. Contains panel-mounting 
information, adjustment and calibration 
procedures, specifications and __ prices 
Photo shows unit in typical arrangement 
with — strain gage pressure transducer 
aber Instrument Corp, 107 Goundry St, 
North Tonawanda, NY 


Circle 364 on Reader Service Card Specify Meeh anite® For 
ELECTRICAL CONTACT RIVETS— High Density And Solidity 


Bulletin 400, 2 pp. Discusses design fea 
tures and applications of contact surface, 

copper-body rivets, and tabulates prop in Heavy Sections 
erties of contact-facing materials. In- 


cluded are dimensional drawings and Dimensions of the 85,000 Ib. Meehanite casting above are 12’6” x 


illustrations showing varying thicknesses 12’6” x 12” thick. Specific gravity tests, ultrasonic and radiation 
of atomically integrated metal facings. loss readings verify its uniform and controlled density. 


Gibson Electric Sales Corp, Box 400, Del- In massive castings of this type which have a slow cooling rate, 

mont, Penna. there is a natural tendency towards a more open structure with 

Circle 365 on Reader Service Card a corresponding loss in strength. However, in Meehanite castings 

the effect of “mass influence’ is minimized through the use of 

ENGINE-GENERATOR UNITS-—Bulle- constitutional carbide controls which are exclusive to the Meehanite 

tin, 8 pp. Discusses all components, de Process. Breakdown of structure due to slow cooling is avoided by 

scribes and illustrates control panels and providing a definite degree of undercooling of the graphite to the 
tabulates specifications of diesel and gas melt. 


models. Waukesha Motor Co, Waukesha, In specifying the correct type of Meehanite metal for castings 


Wis . . . ; 
with very heavy or very light sections, the effect of mass influence 
Circle 366 on Reader Service Card neal pr ‘ port At ; , — 


CONTOURED ENCLOSURES — Data For detailed information, send for a free copy of bulletin TD-14- 


EFFECT OF MASS INFLUENCE. Write: Meehanite Metal Corp., 


sheets F-10412 and F-10342-1, 2 pp each. 
New Rochelle, N.Y. 


Former supplements latter publication’s 
design data on metal enclosures formed 
in one piece. Includes information on: 
shapes, materials, strength, electromag 
netic shielding, sizes, tolerances and ma- 


chining characteristics. | Barber-Colman “A EEH AR ITE A ETAI 
Co, Rockford, IIl. 


Circle 367 on Reader Service Card Meehanite Castings Are Made Only By Meehanite Foundries 


continued on page 95 
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choose from 
Atlantic India's 


thousands of 
rubber 
molds and dies 


A 40 year accumulation of molds and dies 
are now on hand at Atlantic India, ready 
to serve you. Chances are one of our 
standing molds or dies will fit your needs. 


If it happens that your application calls 
for a unique rubber product we have years 
of “know-how” at your command. What 
ever your need, washers, gaskets, molded 
parts, extrusions, sheet or sponge rubber, 
Atlantic India is ready to serve you. 


SEND TODAY! 
Catalog No. 52 
158 pas. showing 
thousands of 
diagrams 


Atlantic India Rubber Wks., Inc. 


Producers of the Al es line of Rubber Products 


573 West Polk St., Chicago 7, Illinois 
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OHIO WELD NUTS 


eo & 


RH NUT WF NUT 


Thread Size #6-32 to 3-16 Thread Size #6-32 to %-16 


WW NUT 


Thread Size #6-32 to %-16 


SF NUT 


Thread Size 2-13 


OHIO flanged weld nuts provide extra-long 
thread engagement and are ideal for assem- 
blies requiring strong primary fasteners. They 
can also serve as spacers or bearing surfaces 
where required. 


Samples and information furnished upon request. 


Primary Fastener in Fastener Assemblies 


THE OHIO NUT AND BOLT CO. 
41 FIRST STREET BEREA, OHIO 





CIRCLE 210 ON READER SERVICE CARD 














design manual on 


materials and processes 
for REINFORCED PLASTIC 
MOLDED PARTS 


Combined reprint of 11 articles published in 
PRODUCT ENGINEERING offers detailed design 
data on the seven processes suitable for making 
in commercial 


glass-reinforced plastic parts 


volume. 
Advantages and limitations of each process are 


tabulated for precise comparison. Separate 
articles then take up each process in turn, dis- 
cussing choice of materials, details of design, 
cost factors including tooling, and future de- 


velopments expected in these growing fields. 


Each article is reprinted in full with all original charts, 
tables and data. $2.00 postage paid. Send 
order with remittance to 


64 pages. 


Reader Service Dept. 
PRODUCT ENGINEERING 
330 W 42 St, New York 36 
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DESIGN LITERATURE . .continued 


WATER COLUMN-—Data sheet 395, 2 
pp. Explains and illustrates operation of 
water column’s alarm mechanism, which 
has weights supported on hardened tool 
steel knife edges and goes into action 
when boiler water level gets too high or 
too low. Gives column specifications. 
Jerguson Gage & Valve Co, 80 Adams 
St, Burlington, Mass. 

Circle 368 on Reader Service Card 


SEAL-LES§ CENTRIFUGAL PUMPS— 
Bulletin 1052-1, 2 pp. Supplies design 
features and specifications of two models 
for leakproof pumping of corrosive, toxic, 
explosive, radioactive and other problem 
fluids. Curves accompany specs. Chem- 
pump Div, Fostoria Corp, Huntingdon 
Valley, Penna. 

Circle 369 on Reader Service Card 


INTERNAL PINION COUNTERS — 
Data sheet, 2 pp. Specifications and di- 
mensions are given, as well as description 
of way counters combine min size with 
max readability. Engineering drawings 
are included. Veeder-Root Inc, 70 Sar 
geant St, Hartford 2, Conn. 

Circle 370 on Reader Service Card 


D-FLANGE MOTORS-—Bulletin 1430, 2 
pp. Tabulates dimensions and tolerances 
and discusses mechanical features and 
applications. Century Electric Co, 18th 
& Pine Sts, St Louis 3 

Circle 371 on Reader Service Card 


MINIATURE FUSE POSTS—Catalog 
page. Contains specifications, outline 
drawings and photos of four 3AG fuse 
posts that offer any combination of fluted 
or knurled knobs with straight and right 
angle bottom terminals. Littelfuse Inc, 
1865 Miner St, Des Plaines, Ill. 

Circle 372 on Reader Service Card 


PRECISION COLD FORGINGS—Bro 
chure, 5 pp. IHustrates parts made by 
cold extrusion process and gives specifica- 
tions of several products, including hex 
head bolts and pins with round heads 
Cold Forged Products Co, 15396 Idaho 
Ave, Detroit 38. 

Circle 373 on Reader Service Card 





FOR MORE CATALOGS 
AND BULLETINS 


. . . 1600 of ‘em—see your copy 
of Product Engineering’s Mid-Sep 
1960 Design Digest. There you 
will find helpful design literature, 
classified under 10 different head- 
ings, from important manufacturers 
and suppliers of components, mate- 
tials, power and contro] systems, 
manufacturing processes. 











SPAN ole 


VERNITRON 3-MINUTE CONTROL SYNCHROS 
DELIVERED ON REGULAR ' 


PRODUCTION BASIS 


ALL SIZES—11 through 23 


ALL TYPES—Transformers, Transmitters, 
ential Transmitters—Thru-Bcre and 


Differ- 
Standard 


ALL ENGINEERED & MANUFACTURED TO: 


MIL-S-2335 MIL-S-16892 FXS-1066 
MIL-S-12472 MIL-S-20708A 


ALL AVAILABLE WITH MAXIMUM ELECTRICAL 
ERROR OF + 3 MINUTES! A major breaok- 
through, made possible by VERNITRON  spe- 
cialization in precision synchro component de- 
sign and manufacture. 


eSRNTTRORr 


col - © R 
119 Old Country Rd., Carle Place, N.Y. 
West Coast Plant: 1742 So. Crenshaw Bivd., Torrance Cal.—F Airfax 8-2504 @ TWX: TNC-4301 











Do Your Copikrs 
OF 


Product Engineering 


ARRIVE ON TIME 


If not, perhaps it is because there 
is an error in the address. Look 
at the address label now. 


Check for: 


Spelling 

Street Number 

Street Name 
and in particular 

Zone Number 


Incorrect zoning or no zone num- 
ber where one should be can 
slow up delivery by hours or 
days. Check now and 
know of any corrections. 


let us 


Product Engineering 
330 West 42nd St. 
New York 36, N. Y. 
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r 
! 


60 & 400 CYCLE 


WRITE, WIRE, PHONE 
NOW for 

price, 

specification data; 

for new Vernitron cat- 


alog 


THE QUALITY 
NAME IN PRECISION 
SERVO COMPONENTS 


". % Ploneer 1-4130 * TWX: G—CY-NY-1147 | 
J 
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When the 
UNPREDICTABLE 


happens 


e « « the kind that creeps 
into the performance of 
newly completed systems. 
(Excess vibration here — 
slight time delay or damp- 
ing needed there. Or 
perhaps stability doesn’t 
match the data projected 
on paper.) To counter 
these variations, many 

of our customers have 
found the AIRPOT® 


an inexpensive 





problem solver. 


AIRPOT is an air- 
damping dashpot; pre- 
cisely constructed to 
operate within close 
tolerances. Its small 
size will rarely 

disturb a system’s 
basic design. 


To learn more about the AIRPOT, contact us at: 


ELECTRIC REGULATOR 


2 
CORPORATION 


NORWALK. CONNECTICUT 
leoders in avtomatic control and reguletion 
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CHECKS 


THAT FILL YOUR NEEDS 


MINIATURE CHECKS 


Mini-Valve Regular Size Valve 


Save weight and space with Mini-Valves. They have same 
rated flow as regular size, but are only 14 the size and 
weight. Good pressure drop characteristics. Temp. range 
-65° to plus 400°F. Operating pressure to 5000 psi. One- 
piece stainless steel body, in tube sizes 4 to 16 (14” to 
1” O.D.) Meets or exceeds requirements of MS MIL-V- 
25675. Port threading MS33514 flareless. 


FREE-FLOW CHECKS 


Extremely low pressure 
drop, with wide open flow. 
Molded elastomer seal and 
spherical seat prevent 
leakage at any pressure. 
Sizes 4" to 2” in brass and 
aluminum alloy up to 
3000 psi, and stainless steel to 4000 psi. Opens at 2 psi. 
Temp. range -65° to 200°F. Pipe, internal straight thread 
and flared tube connections standard; MS33514 flareless 
available. 


BALL CHECKS 


Ruggedly constructed for 
intermittent non-shock 
hydraulic service up to 500 
psi at temperatures —65° 
to 350°F. Sizes 4" to 34”. 
Brass, aluminum alloy, 
stainless steel. Pipe and flared tube connections. 


HY-PRESSURE 
CHECKS 


Built for continuous serv- 

ice in high velocity sys- 

tems at pressures up to 

5000 psi in steel and stain- 

less steel, and 3000 psi in 
aluminum alloy. Low pressure drop. Metal-to-metal seal. 
Operating temperatures -65° to 250°F. Sizes 1%” to 2”, 
with pipe, internal straight thread and flared tube connec- 
tions. MS33514 flareless available. 


Distributors in principal cities coast to coast 


CHECK RELIEF SELECTOR GLOBE NEEDLE PLUG 


Fists 


RW REPUBLIC MANUFACTURING CO. 


15655 BROOKPARK ROAD © CLEVELAND 35. OHIO 
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Simplify design, purchasing, production with 


headless slotted 


*PDQ means price, delivery, 
quality. And you get all three 
with Moore Set Screws. The 

socket head PRICE is right. Ample produc- 
tion capacity and inventories as- 
sure fast DELIVERY. And rigid 
control standards guarantee 
there’s no skimping on QUAL- 
ITY. Specify Moore Set Screws 
and be sure. Dependable quality 
for over 80 years. 


Send for catalog 


1 S02? 5 9 2 George W. Moore, Inc. 


SET SCREWS since 1880 
92 Beaver St., Waltham 54, Mass. 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N. Y. 
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for your REFERENCE LIBRARY 


These combined reprints are on subjects of vital impor- 


tance to every working designer. 


Each is a series of 


articles selected by the editors of PRODUCT ENGINEERING; 
each isa contribution tothe state oftheart. Each extends 
the borders of useful, practical information well be- 
yond what is generally available in standard textbooks. 


Now available: 


Reinforced plastic molded parts $2 
Each of the seven basic processes for commercial- 
volume applications of glass-reinforced plastic parts. 

13 articles, 64 p. 


Lessons in better reading, writing and reporting $1 
The three best-selling series, designed as working 
guides to faster reading, better writing and speech- 
making. 24 p. 


Creativity .. . the facts behind the fad $1 
How you measure, test and encourage creative engi- 
neers—with a generous measure of skepticism of the 
usual platitudes. 10 articles, 32 p. 


Human engineering $1.50 
How to meet man-machine interaction problems in the 
development of industrial products. 16 articles, 40 p. 


The new mathematics $2 
Latest techniques in the systems engineer's tool kit and 
how to apply them to your own problems. 

19 articles, 64 p. 


Engineering models $2 

The quick and economical way to mock-up or prototype 

your design—short-run clay, wood, plastic production. 
10 articles, 64 p. 


9 Lectures on mechanisms $1 
How linkages and springs may be designed to balance 
loads, transmit forces, feed parts. 9 articles, 24 p. 


Rolling-element bearings $2 
Ball, roller and thrust bearings—their selection, test and 
the analysis of why they fail. 8 articles, 64 p. 


Design with steel $2 
Latest design data for a wide range of steels and alloys 
for high strength and high temperature. 

17 articles, 64 p. 


Patent problems $1.50 
The patent laws both here and abroad and how they 
operate for inventors, corporations, and the country as 
a whole. 19 articles, 48 p. 


Why don’t they research and develop? $1 
A selection of 200 best ideas providing a rich source of 
new-product suggestions. 12 articles, 64 p. 


Plate cam design $1 
Complete design data, curve bending and profile 
synthesis to reduce cam inertia. Simplified cam layout 
and tolerancing. 7 articles, 48 p. 


Manual of reliability 50¢ 
How to design for reliability, human factors, statistical 
tools used by experts, how to implement the program. 

12 articles, 32 p. 


Design by digital computer 50¢ 
How to choose and operate desk-size problem solvers 
designed specifically for engineering problems. 12 p. 


Shortcuts for longhand computation $2 
How to get the most from your sliderule. How to design 
nomographs. What's available in tabled data. 

12 articles, 64 p. 


To order your copy, 
send remittance and order to: 


Reader Service Department 
Product Engineering 

330 West 42 Street 

New York 36, New York 
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EMPLOYMENT 
OPPORTUNITIES 


DISPLAYED RATE 
The advertising rate is $37.00 per inch 
for all advertising appearing on other 
than contract basis. Frequency rates 
quoted on request. 


UNDISPLAYED RATE 
$2.10 per line, minimum 83 lines. Posi- 
tion Wanted ads in this style 4 the 
above rate. To figure advanced payment 
count 5 average words to a line. 








SR. PROJECT ENGINEER 


A leading midwest Manufacturer of 
Food Packaging has an opportunity for 
a graduate mechanical engineer with 
at least ten years experience in the 
design and development of automatic 
packaging machinery and allied equip- 
ment. 


This position would require board de- 
sign, coordination of customer require- 
ments with Sales and Product Develop- 
ment, supervision of draftsmen and 
engineers, assistance to shop during 
construction and assembly as well as 
testing and development work. 


If you can qualify and are interested 
in real creative design responsibility in 
this highly specialized field, you are in- 
vited to submit a detailed resume to: 


P-6310, Product Engineering 
620 N. Michigan Ave., Chicago 11, IIl. 











Design and Development Engineer 
Intermediate Grade 


A leading manufacturer of automatic 
temperature controls in northern Chicago 
suburb is seeking a graduate mechanical 
engineer from accredited university with 
2 to 3 years experience in design and 
devel t of tic or hydraulic 
flow controls, volves, recording and con- 
trolling instruments or small mechanical 
devices. He should be an imaginative, in- 
dividual with sound mechanical aptitude 
and a knowledge of manufacturing prob- 
lems, methods and processes. 

In return we offer good salary, oppor- 
tunity for advancement, generous fringe 
benefits, profit sharing retirement plan, 
attractive working conditions and pro- 
fessional prestige. 

Please send a resume describing your education, experl- 
ence, accomplishments, personal information and salary. 

Write R. G. Steckel 


The Powers Regulator Co. 
3400 Oakton St., Skokie, til. 














DON’T FORGET 


the box number when answering adver- 
tisements. It is the only way we can 
identify the advertiser to whom you are 


writing. 
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INDEX TO 
ADVERTISERS 


This index is published as a convenience to the readers. 


PRODUCT BNGINEEBRING 


Buery care is taken to make it accurate but 
ponsibilities for errors or omissions 





Allen-Bradley Co. 

Aluminum Co. of America 

American Cast Iron Pipe Co 

American Hot Dip Galvanizers 
TS sans 64 oven tees 18-19 

Atlantic India Rubber Works, Inc... 94 

Automatic Switch Co 3rd Cover 


Bodine Electric Co 
Boston Gear Works 
Brooks & Perkins, Inc 


Char-Lynn Co. 
Consolidated Molded Products Corp.. 75 


Denison Engineering Div., 
American Brake Shoe Co 

Dow ane Corp 

Dow Metal reduste Co., 
Dow Chemical Co 


Eastern industries, 


— Kodak Co., Recordak Comp. 


Falk Corp. 

Flexonics Corp., Subs., 
Hecla, Inc. 

e * Motor Co., 


Calumet & 


General Electric Co., Apparatus 


ept. 
General Electric Co., Silicone 
Products Dept. 
Great Lakes Steel Div., 
National Steel Corp.... 


Halogen Insulator & Seal oa 
Hansen Mfg. Co., Inc 
Howard Industries, Inc. 


International Nickel Co., Inc. 


Joyce-Cridiand Co. 


Kennametal, Inc. 


Lima Electric Motor Co., 
Link-Belt Co. 


Meehanite Metal Corp 

Miniature Precision Bearings, 

Minnesota Mining «@ Mfg. Co., 
Adhesives, Coatings, Sealers Div. 

Moore, Inc., George W 


National Machine Products Co., 
Standard sa Stee! Co 

Nichols Co., ~ 4. 4 

Nicholson & + W.H. 


Ohio Nut & Bolt Co 
Perfecting Service Co.. 


Recordak Sore.. Subs., 
odak Co. 

Republic Mfg. 

Ridgeway Co. 


Eastman 


Schrader’s Son, A., Div., 
Scoville Mfg. Co., Inc. 

Soss Mfg. 

Square 

Sterling Electric Motors, Inc., S 
Hathaway Instruments, Inc 


Technology Instrument Corp 
Thiokol Chemical Corp 
Timken Roller Bearing Co 
Tinnerman Products, Inc 


mor 


V & E Mfg. Co 
Vernitron Corp. 


Waldron-Hartig Div., 
Midiand-Ross Corp. . 

Westinghouse Air Brake Co., 
Industrial vrocuge _ er 

Wood’s Sons Co., , 

World Bestos ine, Div., 
Firestone Tire & Rubber Co 





LLOYD R. LAWRENCE advertising sales man- 
ager 

P. F. PRITCHARD manager, market develop- 
ment 

RUSSELL T. DOUGLAS business manager 


ADVERTISING SALES STAFF 


ATLANTA 9 . . . Ray K. Burnet, 1375 Peach- 
tree St, N.E., 875-0523 

BOSTON 16 . . M. A. Williamson, Jr., 
McGraw-Hill Bldg, Copley Square, Congress 
2-1160 

CHICAGO 11 . Mid-Western Adv Sales 
Manager, A. E. Meanor; L. Anderson, T. R. 
Coash, 520 N Michigan Ave, Mohawk 4-5800 

CINCINNATI 2 .. . P. B. Robinson, Carew 
Tower, Garfield 1-5474 

CLEVELAND 13 A. F. Tischer, 1164 
Iuminating Bldg, 55 Public Sq, Superior 
1-7000 

DALLAS 1... Frank LeBeau, 901 Vaughn Bldg, 
1712 Commerce St, Riverside 7-5117 

DENVER 2 .. . John W. Patten, Tower Bldg, 
1700 Broadway, Alpine 5-2981 

DETROIT 26 . .. P. B. Robinson, 856 Penobscot 
Bldg, Woodward 2-1793 

HOUSTON 25 ... Joseph C. Page, Jr., W-724 
Prudential Bldg, Jackson 6-1281 

LOS ANGELES 17 . . . Robert Obenour, 1125 
West 6th St, Huntley 2-5450 

NEW YORK 36... B. K. Adams, F. J. Mc- 
Kinley, 500 Fifth Ave, Oxford 5-5959 

PHILADELPHIA 3 .. . John B. Lewis, H. M. 
Nicholson, 6 Penn Center Plaza, Locust 
8-4330 

PITTSBURGH 22... C. F. Leveroni, 
way Center, Express 1-1314 

PORTLAND 4, ORE. . . . Scott Hubbard, 445 
Pacific Bldg, Capital 3-5118 

ST LOUIS 8 .. . T. R. Coash, 3615 Olive 
St, Continental Bldg, Jefferson 5-4867 

SAN FRANCISCO 11... J. J. Hernan, 255 
California St, Douglas 2-4600. 


SUBSCRIPTIONS. tion correspondence 
‘ ifillment Manager, 
ew 

iY, Fulfillmen 


4 Gate- 


ieee subscri; 
to 


it 

. If possible, enclose 

t issue of the maga- 

Since copies are addressed one - two issues 

—— allow one month for change 

ective Subscriptions are 

solicited only ee ws et ——— and con- 
sultants engaged in the 

other engineered produ ucts. 

connection must be tf 


Moh ay —4 OF THE a a per zeaOes: ¥ Nelson L. 


oie a ma and company 
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ao Eberle, Business Mgr. 
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EDITORIAL REPRINTS AVAILABLE 
(Single reprints free, additional copies 6 for $1) 


P72—SAMPLING THEORY 
How representative is that sample? 
Here’s the mathematical proof 
P73—CLUTCHES, BRAKES FOR 
CONTROL 
Data on three major types, 10 basic 
designs and 12 applications. 
P75—DRIVE ACCELERATION TIME 
Simple tests help in selecting motors 
for special duty cycles 
P76—INTRICATE DIECASTINGS 
Review of familiar design rules, and 
how to bend them to your needs 
P77—FLEXIBLE MAGNETS 
How you can design with 
rubbery magnetic materials 


these 


It this is change 


P78—EQUATIONS TO FIND THE RIGHT 
IMPELLER 
Size and type of air mover based 
on airflow, static pressure and rpm 
P79—RESPONSE OF DC CLUTCHES 
AND BRAKES 
Analysis of their response time and 
how to get that extra speed 
580—JOURNAL BEARING DESIGN 
How speed, load and temperature 
determine dimensions, materials, 
surface finishes and lubricants. 
581—RELIABILITY TESTS FOR RUBBER 
COATED FABRICS COVERS 
The seven most common 
and lists over 40 federal 
ASTM test methods. 
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FRESH NEW DESIGN IDEAS EVERY WEEK! 


Have your own personal subscription to PRODUCT ENGINEERING sent each 
week to your office or home. ACT NOW. Fill out this card today to make 


sure you won't miss a single issue. 


C] 1 year—NOW $3 


(] Payment enclosed 
[} Bill me 


U.S. only*(] 2 years—NOW $4 


* Canade 





582—NATURAL FREQUENCY OF NON. 
LINEAR VIBRATION ISOLATORS 
Simple algebra and a force-deflec- 
tion curve are enough for complete 
analysis 

583—HOW LINEAR ARE FIOW-CON- 
TROL VALVES? 
The 8 common valves and their re- 
sponse equations 

584—-WHICH “LOGIC” CONTROL? 
Electromechanical, magnetic or semi 
conductor controls to be used in 
decision-making systems are com- 
pared and described. 

585—WHAT BERYLLIUM CAN DO 
It challenges titanium and steel in 
strength-to-weight ratio 


586—FLEXIBLE METAL TAPES 
Properties of steel tapes and how 
they can be designed to transfer 
loads 

587—-NON-LINEAR VALVES 
Eleven special types that vary fluid 
flow in any nonlinear manner desired 

588—MATERIALS FOR INSTRUMENT 
GEARS 
Extensive wear tests. show which 
material to select under various op- 
erating conditions 


589—SLIDERULE SHORTCUTS 
Useful tabular aids based on chance 
relationships between scales 


590—HARMONIC ANALYSIS OF 
LINKAGES 
This table makes it easy to do the 
harmonic analysis needed for effi- 
cient crank-and-rocker mechanisms 


591—THE RIGHT SOLDER ALLOY 
4 comparison of the 30 basic types 
on the basis of the design applica 
tion 


592—OPTICAL SYSTEMS 
How to design simple systems with 
just a few rules and inexpensive, 
off-the-shelf components 
593—KEEPING THE COMPONENT 
WARM 
Shortcut charts allow you to es- 
timate how much heat it needs 


594—Choosing and Specifying Seals 
4 complete review of all types on 
basis of selection factors and ma- 
terials 

595—CONSTANT-FORCE SPRINGS 
Some are lever-and-spring systems, 
others are buckled columns, but all 
offer better isolation of shock and 
vibration. 


596—WHICH INSTRUMENT MOTOR? 
Your choice is based on these selec- 
tion factors: starting torque, re- 
sponse time, speed and speed range 


NEW CATALOGS 
AND BULLETINS 


METALS AND ALLOYS 

352—Welding Alloys, chart, 
Welding Alloys Co Inc 

357—Severe Service Materials, 8 
Carborundum Co. 

359—Structural Materials, 8 pp, West- 
inghouse Electric Corp. 


NON-METALLIC MATERIALS, FINISHES 

351—Glass Polyesters, 8 pp, Westing- 
house Electric Corp 

359—Structural Materials, 8 pp, West- 
house Electric Corp. 1088 


All-State 


PP, 








NEW COMPONENTS 


GENERAL ENGINEERING 
343—Bamboo Slide Rule 

RESEARCH AND TEST EQUIPMENT 
342—Force Gage 

NON-METALLIC MATERIALS, FINISHES 
303—Black Adhesive Coating 
308—Medium Impact Phenolic 
POWER TRANSMISSION 
306—Flywheel Power Takeoff Unit 
318—Vertical Speed Reducers 
MECHANICAL PARTS 

316—Ring Sprockets 

323—Firewall Connectors 
330—Tread Lock Brake 

331—Wire Rope 

334—Battery Protector Cap 
340—Electronic Rack Cabinet 
FASTENING AND JOINING 


305—Metal-to-metal Adhesive 
311—Panel Fastener 
313—Spring-loaded Panel Fastener 
339—Pneumatic Line Coupling 





FABRICATION PROCESSES AND 

PRODUCTION 

373—Precision Cold Forgings, 5 pp, Cold 
Forged Products Co 


POWER TRANSMISSION 

361—Drive Controls, 12 
Electric Co 

MECHANICAL PARTS 

350—Retaining Rings, 8 pp, 
Retaining Ring Co 

362—Pivots, 4 pp, Welton V Johnson 
Engineering Co., Inc 

367—Contoured Enclosures, 4 pp, Barber- 
Colman Co 


FASTENING AND JOINING 

353—Fasteners, 8 pp, Standard Pressed 
Steel Co. 

358—Self-Locking Fasteners, 64 pp, Elas- 
tic Stop Nut Corp of America 

373—P recision Cold Forgings, 5 pp, Cold 
Forged Products Co 

MOTORS, ENGINES AND CONTROLS 

355—Multispeed Motors, 4 pp, Century 
Electric Co 

366—Engine-generator Units, 8 pp, Wau- 
kesha Motor Co 

368—Water Column, 2 
Gage & Valve Co 

371—D-flange Motors, 
Electric Co 


ELECTRICAL, ELECTRONIC 
COMPONENTS 
354—Limit Switches, 
Electric Co 
356—Silicone-insulated Cable, 4 pp, Bos- 
ton Insulated Wire & Cable Co 
363—DC Potentiometers, 4 pp, Fischer 
& Porter Co. 
365—Electrical Contact Rivets, 2 pp, Gib- 
son Electric Sales Corp 
370—Internal Pinion Counters, 2 
Veeder-Root Inc 
372—Miniature Fuse Posts, 1 p, 
fuse Inc. 


HYDRAULIC, PNEUMATIC EQUIPMENT 

360—Flow Metering Elements, 8 pp, B- 
I-F Industries 

364—Pressure Indicator, 2 pp, Taber 
Instrument Corp. 

368—Water Column, 2 pp, 
Gage & Valve Co. 

369—Seal-less Centrifugal Pumps, 2 pp, 
Chempump Div, Fostoria Corp 
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MOTORS, ENGINES AND CONTROLS 


307—Miniature Torque Pickup 
315—Tape Magazine 

321—Single Pump Power Units 
322—High-torque Servomotor 
328—Hydraulic Pumping Units 
333—Flat Armature Torquemotors 


ELECTRICAL, ELECTRONIC 
COMPONENTS 

301—Molded Circuit Board 
302—Underwater Transducer 
304—Rotary Tap Switches 
307—Miniature Torque Pickup 
315—Tape Magazine 
317—Miniature Indicator Light 
320—Low Pressure Sensing Switch 
324—Encapsulated Reed Relays 
326—Probe-type Level Control 
327—Electric Eye Control 
332—Stud-mounted Rectifiers 
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Power Rheostat 
Small Appliance Thermostat 
Silicon Controlled Rectifiers 
Force Gage 
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Vapor-contaminant Filter 
Multiple Manifold Sub-base 
Filter Screen Trap 
Flow-regulating Valve 
Air-operated Valves 
Flowmeter and Filter 
Low Pressure Sensing Switch 
Single Pump Power Units 

Jall Floats Between Valve Seats 
Probe-type Level Control 
Hydraulic Pumping Units 
Single-acting Cylinder 

Pressure Gages 
Sight Flow Indicator 

Pneumatic Line Coupling 
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After reading the advertisements classified below . .. MORE DETAILED "Mechanical 4 5039 
INFORMATION about these products can be obtained by using the at- lang... wa 
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Engineering Services (see also 
Clutches Production Services) 
Adhesives 71 Electrical Engines 
Aluminum Alloys 37—38 Contactors Extrusions 
Controls Metallic 
Hydraulic 
Bearings Pneumatic 
Miniature 83 Couplings 
Roller 4th Cover Hydraulic , Facings, Clutch 
Bellows 8! Mechanica! ! Fastening Methods 79, 90, 92, 94, 
Belts, Timing 39 Cylinders Floats : 
Brakes Hydraulic Friction Materials 
Electric 9) Pneumatic ‘ Furniture, Engineering Department 


Castings Drafting G 
Chains Instruments Gear Motors (see also Motor Reducers) 
Conveyor Machines 
Roller Supplies 
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High Temperature Alloys 
Hinges 
Hydraulic Fluids 


Jacks 
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Motor Reducers (see also Gear Motors) 88 
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Fractional 42, 68-69, 72-73, 88 
Integral 72-73, 88 
Sub-Fractional 42, 68-69 
Motors, D-C 
Fractional 42, 68—69, 72-73, 88 
Integral . : 72-73, 88 
Sub-Fractiona! 42, 68-69 
Motors, Hydraulic 13 
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this is the way a valve is built to last 


MILLIONS OF OPERATIONS: 


NEW LOW-COST :ASCO 4-WAY SOLENOID VALVES HAVE BEEN CYCLED MILLIONS OF OPERATIONS WITHOUT FAILURE 


TIGHT SEATING 

with unique patented 
poppet-type seats — 
Patent Nos. 2,624,585— 
2,775,982 


@ RELIABLE OPERATION 
ASSURED—failure to 
return due to residual 
magnetism is eliminated 


POWER OPERATION IN 
BOTH DIRECTIONS — 
main valve not dependent 
upon return springs 


Installation is simplified; 
the 8344 may be mounted 
in any position! 


Poppet seals and a unique combination of 
metal-to-metal with resilient seating enable 
these and other ASCO 4-way solenoid valves 
to provide dead-tight shut-off, even on air, 
without lapping, grinding or close adjust- 
ments. The utter simplicity of design, elimi- 
nating return springs and power-operating 
the main valve in both directions, assures 
unprecedentedly reliable performance with- 
out maintenance for indefinite periods. 


The new ASCO Bulletin 8344 valve is the 
latest embodiment of over half a century’s 
design and development experience. Its low 
cost makes it economical even as a 3-way 
valve, with one pipe connection plugged. 


Here are the pertinent statistics: 





Solenoid List 


Pipe | Catalog 
Enclosures | Pricest 


Size No. 


Operating 
Information 





$48.00 
56.00 
48.00 
56.00 


Pressures: to 
250 psi. 


Temp: to 212°F. 


Fluids: air, water, 
hydraulic oil 


| 83440 | Std. 
83444 | Expl. proof 

| 83441 | Std. 
83445 








Expl. proof 





> trade and quantity discounts 


Other ASCO 4-way valves come in pipe sizes 
from %” to 1%” for pressures to 500 p.s.i. 
For complete information write for Catalog 
202, and see the hundreds of types of 2, 3, and 
4-way solenoid valves available for imme- 
diate delivery from the world’s largest stock. 


ASCO Valves 


DEPENDABLE CONTROL BY Automatic Switch Co. 546 HANOVER RD. FLORHAM PARK, WN. J. - FRONTIER 7-4600 - AUTOMATIC TRANSFER SWITCHES + SOLENOID VALVES + ELECTROMAGNETIC CONTROL 
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LeBLOND lathe obtains super spindle-runout of 
less than .000025” with Timken’ “00” bearings 














To raise the already great precision of its 15” Dual-Drive 
lathe to a special new high for a customer, LeBlond had 
to meet this requirement: spherocity of the part to be 
turned—a beryllium gyro float assembly—had to be con- 
centric with its two major axes within .0005” total indi- 
cated runout. Diameter of the sphere: 1.8750". 

To assure this, LeBlond engineers specified Timken’ 
super-precision “OO” tapered roller bearings held to 
.000025” assembled runout for the spindle—one-third 
the normal runout tolerance for these bearings. Timken 


, 5% 
ebb vei 


Aad Soot 


POM un 


bearings were also used on the intermediate, back and 
feed shafts of the drive. The assembled spindle runout 
(total indicator reading) was actually less than .000025”. 

Producing super-precision bearings like this is typical 
of Timken Company service. The kind of service that 
developed Timken “00” bearings to meet industry's needs 
for ever-greater precision. It’s another example of the 
Timken Company’s leadership in tapered roller bearing 
design and manufacture. 





Industry rolls on 


TIMKEN 


tapered roller bearings 











The Timken Roller Bearing Com- 
pany, Canton 6, Ohio. Cable address: 








YOUR BEARING PROBLEMS can often be solved on-the-spot by our graduate engineer 
salesmen. Working with you at the design stage, they can help you select the 
Timken bearing to meet your special needs, save you time and money. 


CIRCLE 203 ON READER SERVICE CARD 


*TIMROSCO”’ Makers of Tapered Roller 
Bearings, Fine Alloy Steel and Remov- 
able Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ont. 











